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Xanthurenic Acid* Excretion Studies in Diabetics With and Without 
Retinopathy.t (21576) 


Davin A. Rosen, GERTRUDE D. MaeNcwyn-Davies, BERNARD BECKER, Howarp H. 
STONE, AND JONAS S. FRIEDENWALD. (Introduced by Joseph L. Lilienthal, Jr.) 


From the Wilmer Ophthalmological Institute, Johns Hopkins Hospital and University. 


In studies(1) carried out on diabetic pa- 
tients with and without retinopathy, it has 
been observed that 40% of diabetics without 
retinopathy fail to respond by a significant 
eosinophil drop to an intramuscular dose of 
25 mg of corticotropin. Diabetics with retin- 
opathy respond uniformly to this dose, as do 
healthy non-diabetic subjects. It has been 


* The authors acknowledge the technical assistance 
of Mary Steigner and Heidi Duda and are indebted 
to Dr. Jessie W. Huff of Sharp and Dohme Co. for 
the xanthurenic acid. 

t This work was supported by a grant from the 
National Institutes of Health, Division of Neuro- 
logical Diseases and Blindness. 


noted repeatedly that non-reactive diabetics 
can be made to show an eosinophil drop to 
this dose of corticotropin by prior intramus- 
cular administration of 100-300 mg of pyri- 
doxine hydrochloride. We therefore consid- 
ered it desirable to investigate whether dia- 
betics with and without retinopathy differ in 
their nutritional status with reference to this 
vitamin. Certain other vitamins are also 
capable of restoring the eosinopenic response 
of the diabetic to a normal level and it is not 
implied that the defect in eosinopenic re- 
sponse is specifically a symptom of pyridoxine 
deficiency. The present investigation, how- 
ever, concerns tests for the presence or ab- 


sence of pyridoxine deficiency in diabetics 
and controls. 

Materials and methods. Diabetic and non- 
diabetic subjects were derived from the clinic 
and ward services of the Wilmer Institute of 
the Johns Hopkins Hospital. The diagnosis 
of diabetic retinopathy was established after 
dilatation of the pupils with 10% neosyne- 
phrine. The retinopathy varied in severity 
from the presence of occasional capillary an- 
eurysms to retinitis proliferans. Patients 
were given an oral test dose of 10 g dl-trypto- 
phane dispersed in fruit juice with the aid of 
a Waring blender, following which a complete 
24 hour urine specimen was collected under 
toluene as a preservative. Xanthurenic acid 
output was determined according to the meth- 
od described by Wachstein and Gudaitis(2). 
Since this method was found to be most sensi- 
tive in the range of 150 to 300 y of xanthur- 
enic acid, we added 200 y of xanthurenic acid 
dissolved in ethanol to each 1 to 4 ml aliquot 
of the 24 hr urine. A Coleman Junior Spec- 
trophotometer at a wave length of 610 mil- 
limicra was used for the color determinations. 
In order to obtain comparable blanks, an 
equal volume of ethanol not containing xan- 
thurenic acid was added to each blank. All 
determinations were run in duplicate. 

Results: (Table I). 


TABLE I. Urinary Exeretion of Xanthurenic 
Aad (mg in 24 Hr) after Oral Test Load of 10 g 
dl-tryptophane. 


1 2 3 
Diabeties Diabeties 
Group: Non- without with 
diabetics retinopathy retinopathy 
12.02 26.86 32.02 
0.00 54.23 47.52 
3.83 12.70 19.12 
10.78 41.20 41.63 
13.25 27.95 54.02 
20.35 17.58 84.26 
4.36 13.59 24.60 
13.48 6.06 15.36 
29.70 
41.20 
45.90 
23.35 
Mean. Vii Kin 9.76 1 Kaas 2502 hey re 8ioe 
— 
SX, 5.76 Xo, 32.94 
SXo,, 3.74 


X =—mean; SX = stand. error of mean. 
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TABLE II. Reversal by Pyridoxine of Excess 
Urinary Exeretion of Xanthurenic Acid (mg/24 
Hr) after Oral Test Load of 10 g dl-tryptophane. 


-— Xanthureni¢e acid — 


Diabetic Before After 
Patient retinopathy pyridoxine pyridoxine 
MEW = 35.00 24.58 
CW = 47.60 15.04 
AA + 36.36 27.20 
GH ~- 43.00 20.00 
ED* — 37.80 18.20 
MLt — 213.20 5.70 


All these patients were given an intramuscular 
injection of 300 mg of pyridoxine before being 
retested. 


* ED when retested after a single intramuscular 
dose of 300 mg pyridoxine excreted 39.3 mg xan- 
thurenie acid. He was then given 500 mg of pyri- 
doxine orally every day for one wk and one 
further intramuscular dose of 300 mg _ before 
being retested. The figure shown in Table is the 
excretion of this patient after this prolonged 
treatment. 

t Patient ML was given 5 injections of 300 mg 
pyridoxine intramuscularly before being retested. 


Comparing the diabetics with the normal 
controls the difference is found to be signifi- 
cant on the Student t-Test (P < .01). Com- 
paring diabetics with and without retinopathy 
the difference is found not to be significant 
CB 705)); 

To test whether the xanthurenic acid ex- 
cretion was influenced by pyridoxine, 6 cases 
were chosen whose excretion of xanthurenic 
acid after a test dose of tryptophane was 35 
mg or greater. These patients were then given 
pyridoxine and after this retested. The results 
are shown in Table II. It is evident that the 
xanthurenic acid excretion of these patients is 
markedly reduced following the administra- 
tion of pyridoxine. 


Discussion. The data summarized in Tables 
I and II indicate that many diabetics with 
and without retinopathy are at least margin- 
ally deficient in pyridoxine. Though the dia- 
betics without retinopathy excreted on the 
average more xanthurenic acid than did those 
with retinopathy, the difference was not sta- 
tistically significant. Kotake and Tani(3) re- 
ported finding xanthurenic and 3-hydroxyky- 
nurenic acids in the urine of diabetic subjects 
whose only source of tryptophane was in their 
regular diet. Urines from normal subjects did 
not show these materials on paper chromato- 
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grams. They did not divide their patients on 
the basis of retinopathy status. 

Becker(4) and Friedenwald(5) have point- 
ed to the possibility that diabetics who develop 
retinopathy may have a higher level of 
adrenal cortical activity than those who do 
not, and that this adrenal overaction may be 
operative in the pathogenesis of the retinal 
lesions. Stebbins(6) and Dean and Shaw 
(7) reported that vit. By deficiency in rats is 
associated with histological adrenal cortical 
atrophy, and evidence of underactivity of this 
gland. We consequently investigated the 
possibility of inducing pyridoxine deficiency 
in diabetics with retinopathy, hoping thereby 
to lower the activity level of their adrenal cor- 
tex. We employed the metabolic antagonist 
desoxypyridoxine by subcutaneous injection 
in doses of 100 mg every other day, and used 
enough of this material (2 to 8 doses) to pro- 
duce increased xanthurenic acid output. In 
no instance were we able to detect any influ- 
ence on adrenal cortical function as mani- 
fested by 11-oxysteroid excretion, or eosino- 
phil response to ACTH. Furthermore, in no 
instance was the retinopathy influenced. 
These results are in accord with those of Vil- 
ter and co-workers(8) who found no altera- 
tion in adrenal cortical function in subjects 
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made clinically deficient in vitamin B,; by use 
of desoxypyridoxine. 


Conclusions and summary. 1. Diabetic 
patients with and without retinopathy excrete 
on the average significantly greater quantities 
of xanthurenic acid after an oral test load of 
10 g dl-tryptophane than do non-diabetic con- 
trols. 2. There is no significant difference in 
the xanthurenic acid output of diabetic pa- 
tients who have, and those who have not de- 
veloped retinopathy. 
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(21577) 


(Introduced by H. S. Mayerson.) 


From the Biophysics Laboratory and Department of Physiology, School of Medicine, 
Tulane University, New Orleans, La. 


In order to analyze translocations of plas- 
ma between tissues of the mouse during the 
development of experimental traumatic shock, 
it is necessary to know the normal plasma vol- 
ume of the tissues. In other studies on organ 
plasma volume of the mouse(1,2), the use of 
anesthesia, the method of killing the animals, 
the dissection technic and the method of 


* Material taken from a dissertation submitted by 
Julius Jay Friedman to the Graduate School of 
Tulane University in partial fulfillment of require- 
ments for degree of Doctor of Philosophy. 


sampling blood were such that significant 
variations in the tissue plasma volume meas- 
urements were unavoidable. This report rep- 
resents an attempt to obviate these limitations 
in carrying out measurements of organ plas- 
ma volume in the mouse. 

Method. The plasma volumes of various 
tissues in the mouse were determined by in- 
jecting the mice with radioiodinated albumin 
and assaying the tissue samples for radio- 
activity. The mice used were male albinos of 
the CF-1 strain, weighing 19-23 g. Human 
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serum albumint labelled with radioactive io- 
dine (1-131)? was prepared according to the 
method of Wasserman and Mayerson(3) and 
was injected intravenously in volumes of 0.1 
ml. 

The animals were sacrificed by rapid im- 
mersion in liquid nitrogen, with a temperature 
of approximately —195°C. According to Stone 
(4) a mouse is frozen solid in about 2 seconds 
following immersion in liquid nitrogen, thus 
making it possible to obtain tissue samples 
from the frozen animal instantaneously and 
simultaneously without the use of anesthesia. 
Samples of liver, kidney, spleen, and lung 
were easily obtained free of tissue debris; the 
intestines sometimes contained undigested 
material; the muscle often included excess 
fatty tissue; and the skin always included 
subcutaneous tissue. Central blood samples 
were obtained by permitting the heart to 
thaw and then discarding all solid debris, 
leaving whole blood behind. After sampling, 
the tissues were weighed and digested in 
alkali according to the method of Fine and 
Seligman(5) preparatory to assaying for 
radioactivity. The plasma volume of the tis- 
sues was determined as the ratio of radio- 
activity per unit weight of tissue to the radio- 
activity per unit weight of plasma. ‘The ra- 
dioactivity per unit weight of plasma was 
calculated from the hematocrit and the radio- 
activity per whole blood sample. The hema- 
tocrit of the blood sample was determined by 
means of a gradient density column(6). The 
gradient column was established by partially 
mixing proportions of Xylene and Carbon 
Tetrachloride necessary to provide a contin- 
uous density range from 1.040 to 1.080. The 
density of a drop of hemolyzed blood was 
read against Potassium Sulfate density stand- 
ards. 

Results. Following intravenous adminis- 
tration, radioactive iodinated albumin leaves 
the circulation in a uniform exponential man- 
ner for 1-144 hours. The disappearance con- 
stant (K) expressed as the fractional disap- 


+ We are grateful to the American Red Cross for 
supplying the albumin used. 

t Radioactive iodine was obtained from Isotopes 
Division of the Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 
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TABLE I. Wet Weight of Mouse Organs. 


Wting 
Mean + S.E. Range 

Whole animal 21.000 

Liver 1.675 + .056 1.510-1.960 
Kidney .390 + .008 .371- .416 
Spleen .106 + .007 .084- .135 
Lung 148 + .001 .121- .164 
Intestine 1.541 + .061 1.411-1.648 
Skin 2.700 + .067 2.449-2.915 
Muscle* 8.380 + .243 7.592-9.219 


* Difference in carcass wt before and after al- 
kal digestion. 


pearance of albumin from the plasma per 
minute is —0.00636 for this phase. In order 
for circulatory mixing to be complete an in- 
terval of 10 minutes was permitted to elapse 
following injection before sampling. Longer 
post-injection periods were avoided since ap- 
proximately 25% of the iodinated albumin is 
removed from circulation within the first 
hour. 

Table I lists the mean unit weights of the 
various organs, the range of values, and the 
standard error. The averages are of 10 mice 
and compare favorably with those reported 
previously (1). 

Table II lists the mean plasma volumes of 
the various organs, expressed as ml per gram 
of tissue along with the range of values, the 
standard error and the per cent of total plas- 
ma volume. Included for comparison are the 
results previously reported by Kaliss and 
Pressman(1) in which mice were sacrificed 
with chloroform. Many of the discrepancies 
in the data reported by Kaliss and Pressman 
(1) and those presented in this paper may be 
attributed to the use of anesthesia(7). 

Discussion. Variations in the estimation 
of organ blood volumes are not unusual in 
view of sensitivity of the peripheral vascular 
elements to nervous and humoral influences 
which are operating continuously to main- 
tain a homeostatic internal environment. The 
handling of the animal, the use of drugs, hem- 
orrhage, and manipulation of tissue all result 
in a disturbance of the normal physiologic 
activity of the animal by producing signifi- 
cant translocations of blood between the tis- 
sues via vasoconstriction and/or vasodilata- 
tion. Since most of these undesirable influ- 
ences are obviated by freezing animals in li- 
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TABLE II, Plasma Volume of Mouse Organs. 
SS eee ee 


-——Plasma vol (ml/g)— % total -—Kaliss & Pressman(1)—~ 
. : plasma vol % total 

Tissue Mean + S.E. Range perorgan mlplasma/g plasma vol 
Whole animal .051 + .002 .045-.066 100.0 .067 100.0 
Liver .134 + .003 .098-.188 21.8 .202 23.0 
Kidney .085 + .002 .065-.116 3.2 191 4.8 
Spleen 077 + .003 .042-.128 8 092 5 
Lung : 302 + .007 .247-.384 4.4 274 2.6 
Intestinet .034 + .001 .029-.044 Dell .050 
Skin .020 + .001 .010-.032 5.3 
Muscle .024 + .001 .008-.037 19.6 .016 

* Avg of 30 mice. t 15 mice. 
quid nitrogen, we prefer to regard the data activity. Values are presented for plasma 


reported here as being more representative of 
normal organ plasma volume than data which 
has been reported in the literature. 

Human serum albumin was used as the 
tracer vehicle because of its availability. The 
mouse does not appear to exhibit any species 
specificity to serum albumin, for both rabbit 
and bovine albumin have been used without 
any reaction or difference in tissue blood vol- 
ume measurements(1). In this investigation, 
the mice, observed for as long as 15 hours 
post injection of human serum albumin, dis- 
played no ill effects. 

Summary. The plasma volume of various 
mouse organs was determined without the 
use of anesthesia by injecting mice with ra- 
dioiodoalbumin, freezing them in liquid nitro- 
gen and assaying tissue samples for radio- 


volume, expressed as ml per gram of tissue, 
of the liver, kidney, spleen, lung, intestine, 
skin, and muscle. 


The helpful criticism of Dr. H. S. Mayerson and 
Dr. J. K. Hampton, Jr. is gratefully acknowledged. 
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Serum Iron Levels in Rhesus Monkeys with Chronic Vitamin C Deficiency.” 


(21578) 


Louts D. GREENBERG AND JAMES F. RINEHART. 
From Department of Pathology, University of California School of Medicine, San Francisco. 


During the course of some earlier studies on 
the serum iron levels of rhesus monkeys on 
control, and on diets deficient in various vita- 
mins, hypoferremia was observed in 2 mon- 
keys in a state of chronic ascorbic acid de- 
ficiency. A search of the literature revealed 
that Braganca e¢ al.(1) had observed that a 


* This investigation was aided by a grant from the 
National Vitamin Foundation. We are grateful to 
Lederle and Co., Pearl River, N. Y. for supplies of 
folic acid. 


marked decrease in plasma iron accompanied 
scorbutic anemia in the guinea pig. The pres- 
ent paper represents an investigation of the 
alterations in serum iron and the concomitant 
changes in the blood picture in 2 additional 
monkeys with chronic ascorbic acid deficiency 
and also includes observations on the effect of 
the administration of iron alone and in combi- 
nation with ascorbic acid on the hypoferremia 
and upon the anemia. After this work had 
been completed, a paper by Proehl and May 
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(2) came to our attention which reported de- 
creased serum iron levels in monkeys sub- 
jected to milk diets deficient in ascorbic acid 
and low in folic acid. 

Methods. Six rhesus monkeys whose initial 
weights were 2.3-3.0 kilos were used in the 
present studies. They received the same basal 
diet, supplements, care, and handling de- 
scribed in an earlier publication(3) with the 
exception that the customary daily 25 mg 
allotment of ascorbic acid (AA) was omitted 
from the vitamin tablet of 4 animals subjected 
to the deficient regimen. In order to main- 
tain the monkeys alive and in a state of 
chronic deficiency after they reached the acute 
stage, each received 1 mg dose of AA by 
mouth either daily or thrice weekly as neces- 
sary. Periodically, blood specimens were 
drawn by venipuncture for hematological ex- 
amination and for the estimation of serum 
iron. In order to avoid inconsistencies due to 
diurnal variations in serum iron, blood was 
taken in the morning at approximately the 
same hour each time. Hemoglobin was deter- 
mined by the method of Sahli and serum iron 
was measured by a modification of the method 
of Burch e¢ al.(4). It differed from the orig- 
inal procedure merely in the use of 20-fold 
larger volumes of serum and reagents and in 
the application of the Coleman Model 6 spec- 
trophotometer instead of the Beckman DU. 
Some supplementary tests were carried out on 
plasma AA with the micro-method of Butler 
and coworkers(5) and on serum alkaline 
phosphatase with the procedure of Armstrong 
and King as modified by King(6). Two ani- 
mals were maintained on the control diet with 
adequate AA throughout the experiment. In 
addition, each experimental animal served as 
his own control with respect to the effect of 
AA deficiency on the serum iron and on the 
blood picture and with respect to the altera- 
tions induced by the administration of iron 
and AA. Only 2 of the chronically deficient 
macaques survived for the entire course of the 
experiment. For this reason the data pre- 
sented are primarily limited to the 2 survivors. 

Results. Fig. 1 and 2 show the effects of 
withdrawal of AA on the serum iron (FE), 
weight (WT), red blood cells (RBC) and the 
hemoglobin (HB) of 2 monkeys. It will be 
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FIG. 1. Monkey No. 60. Alterations in HB, RBC, 
WT and serum FE. 
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Monkey No. 61. Alterations in HB, RBC, 
WT and serum FE, 


observed that approximately 65-80 days after 
withdrawal of the vitamin the 2 animals began 
to lose weight rapidly and developed all the 
manifestations of acute scurvy, notably hem- 
orrhages, painful joints, extreme weakness, 
etc.; however, the FE values remained essen- 
tially unchanged except for some minor fluc- 
tuations. Following administration of small 
amounts of AA, monkey 60 showed a much 
more rapid decline in FE than did monkey 61, 
but both animals finally attained levels gen- 
erally below about 60 y %. The HB and 
RBC declined also, but not until the monkeys 
had been on the low AA intake for a consider- 
able time. After the FE levels had remained 
fow for a number of weeks, 50 mg of iron as 
ferrous sulfate were administered per os daily 
for an extended period. Even after 41 days 
of this massive iron therapy there was no in- 
crease in the FE, although a slight to moderate 
increase in HB and RBC occurred. Finally, 
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TABLE I. Serum Alkaline Phosphatase. 


King-Armstrong units 


Period Avg Range 
Control 
#60 60.6 (4)* 52.4-68.5 
61 59.7 (4) 53.2-67.6 
Chronic AA deficiency 
(450-800th day) 
#60 30.4 (22) 21.1-42.0 
61 39.5 (23) 22.6-72.0 


* No. of determinations. 


with the iron intake remaining at 50 mg per 
day, the AA supplement was increased to 25 
mg daily. In a matter of weeks the 2 monkeys 
showed a marked increase in FE, HB, and 
WT. ‘The response in the RBC was some- 
what variable; monkey 60 exhibited a sub- 
stantial augmentation while monkey 61 
showed only a slight increase. 


The average and mean deviation of 90 esti- 
mations of the FE of the control animals and 
for 8 determinations on monkeys 60 and 61 
made prior to withdrawal of AA are, respec- 
Byeli Loon: eo0.and 160-290 759). The 
average value for the control monkeys is in 
excellent agreement with that reported by 
Proehl and May(2) who employed an entirely 
different analytical procedure. Additional 
data were obtained on a third chronically 
deficient monkey who exhibited a marked 
hypoferremia and anemia between the 365th 
and the 600th day of the experiment. The 
average and mean deviation of 11 measure- 
ments of the FE for this period were computed 
LO DEI 7 ZO Je: 

The marked increase in weight which oc- 
curred in monkeys 60 and 61 (Fig. 1 and 2) 
following the introduction of an adequate in- 
take (25 mg) of AA should provide ample 
evidence that these monkeys were suffering 
from a deficiency of this vitamin, since it is 
the only known factor required by the monkey 
(vit. By. was not provided but it has not been 
proven indispensable) which was omitted or 
fed in inadequate amounts. This is substan- 
tiated by our observations on serum alkaline 
phosphatase (Table I). Comparison of the 
average serum alkaline phosphatase values for 
the control period and for the period of 
chronic deficiency extending from the 450th 


on, 


to 800th day of the experiment shows that the 
average values during the latter period were 
decreased from the corresponding control 
values by 50% in #60 and by 34% in #61. 
Although a reduction in serum alkaline phos- 
phatase is not specific for scurvy, nevertheless 
it is a valid supplementary criterion for ascor- 
bic deficiency when employed in conjunction 
with other criteria. Several investigators(7-9) 
have demonstrated a reduction in the serum 
alkaline phosphatase of scorbutic guinea pigs. 
Plasma AA was also followed during the early 
part of the experiment and a definite decrease 
in the concentration could be demonstrated 
during the first 2 months of deficiency, but in 
view of the fact that the monkeys exhibited 
such low levels on an adequate intake with a 
decrease to near O values during the first 2 
months of the experiment, further estimation 
of the plasma AA was considered unwar- 
ranted. The average of 16 determinations 
during the control period was 0.27 mg % 
(0.15-0.40) and for 8 determinations during 
the second month of deficiency 0.06 mg % 
(0.04-0.12). 

Discussion. It is amazing that despite the 
daily administration of 50 mg of extradietary 
iron per os to each of the 2 chronically de- 
ficient monkeys for a period of 41 days (a 
total of over 2 g of iron to each), the low 
FE levels persisted without any alteration un- 
til AA was provided in adequate amounts. It 
is not known whether the defect in iron metab- 
olism in scurvy is related to impaired absorp- 
tion from the gastrointestinal tract, defective 
utilization or to loss of iron from the body. 
Our experiment throws no light on the mech- 
anism of this defect. Evidence exists in the 
literature in support of the idea that AA in- 
creases iron absorption(10-13). Gorten and 
Bradley(14) have postulated that the vitamin 
has an effect upon utilization of iron. 

Proehl and associates(2) have observed low 
FE levels in monkeys subjected to a diet de- 
ficient in AA and low in folic acid. Although 
their observations were limited to a single de- 
termination approximately one week after 
therapy, these authors found the FE levels of 
3 hypoferremic monkeys to be unaffected by 
a single intravenous administration of 30-50 
mg of iron. From analyses of FE, erythrocyte 
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protoporphyrin and the urobilinogen excre- 
tion, they favored the concept that the anemia 
and hypoferremia of scurvy result from blood 
loss via hemorrhage, although they did not 
exclude impairment of absorption or utiliza- 
tion of iron from playing a role. The experi- 
ments of Proehl and May do not represent 
simple, uncomplicated AA deficiency, since 
their milk diets were inadequate in folic acid 
as well as AA and as a consequence some of 
their control monkeys developed manifesta- 
tions of folic acid deficiency(15). 

Bronte-Stewart(16) observed low FE, low 
total iron-binding capacity and anemia in a 
number of cases of adult human scurvy. 
Complete hematological response occurred in 
these subjects following the administration of 
AA alone, and intravenous iron alone failed to 
influence the bone marrow or the blood pic- 
ture. Bronte-Stewart attributed the low FE 
to the presence of one or more intramuscular 
hematomata in his patients. Infections and 
sterile abscesses(17-19) are known to produce 
hypoferremia. In the case of our monkeys, 
no obvious infections or hemorrhages were 
present although minor hemorrhages into the 
joints cannot be ruled out. 

It is rather unlikely that the hypoferremia 
observed is the result of chronic infection, 
since Totterman(20) has shown that the 
anemia of infection is quite refractory to 
therapy either with AA or iron alone or in 
combination. In view of the marked HB in- 
crease observed in the 2 scorbutic monkeys 
following therapy with iron and AA concomi- 
tantly, their low FE levels do not appear to be 
related to the anemia of infection. 

Summary. The serum iron levels and blood 
picture were followed in 2 rhesus monkeys 
with chronic vitamin C deficiency. Hypofer- 
remia and anemia were observed in both mon- 
keys. The oral administration of iron alone 
had no influence on the hypoferremia and pro- 
duced only a slight to moderate increase in 
the RBC and HB. Combined therapy with 
both iron and ascorbic acid brought about 
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marked improvement in the hypoferremia and 
anemia. 


We wish to express our appreciation to Miss Julie 
van Snellenberg and Mrs. Margot Smyth for their 
technical assistance. 
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Threshold Studies on Production of Experimental Epilepsy with Alumina 
Cream.* (21579) 
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WILBERT A. WARNER. 
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The unpredictable production of experi- 
mental epilepsy in the monkey using various 
alumina cream compounds prompted an in- 
vestigation to find a preparation giving con- 
sistent and reproducible results. From avail- 
able evidence it seemed that there should be 
a quantitative relationship between the 
amount of alumina and the production of 
seizures. 


Method—materials. Preparation of alu- 
mina cream. ‘The alumina(3) was prepared 
in the following manner: To 1000 cc of a 1% 
solution of ammonium alum (NH,A1(SO,)e 
* 12H:O) was added, with constant stirring, 
800 cc of a 1% solution of ammonium hy- 
droxide (NH,OH), at room temperature; 
thus forming a white precipitate of aluminum 
hydroxide (Al(OH)3) which rapidly settled 
out of solution. Additional ammonium hy- 
droxide (the total never exceeding 1000 cc) 
was added until precipitate was no longer 
formed. The entire colloidal suspension was 
repeatedly washed with distilled water until 
sulfate ions could no longer be detected in 
the supernatant liquid by testing with barium 
acetate. The suspension was then centrifuged 
at 3000 r.p.m. for 2 hours and the superna- 
tant fluid decanted off yielding a thick cream 
having a total volume of 50 cc. Analysis of 
this preparation revealed: a) pH of 8.0-8.1 
(determined by glass electrode) b) Alu- 
minum—18-22 mg/cc (determined by pre- 
cipitating the aluminum as the hydrated 
oxide by means of ammonia solution in the 
presence of ammonium chloride, the gelatin- 
ous precipitate thus formed being washed, 
converted into the oxide by ignition, and 
weighed as AlsO3) c) Sulfate ion—less that 
9.6 mg/cc (determined by qualitative pre- 


* This work was aided by a grant from the Na- 
tional Institute of Neurological Diseases and Blind- 
ness, National Institutes of Health, U. S. Public 
Health Service. 


cipitation with lead) d) Ammonia —none 
detectable by microKjeldahl technic. Two 
cubic centimeter aliquots of the preparation 
were then sealed in glass ampules. Even dis- 
persion of the cream was insured by vigorous 
shaking of the ampules prior to use. Jnjec- 
tion. ‘Twenty-four monkeys (Macaca mu- 
latta) averaging 3-4 kg were prepared, under 
intravenous pentobarbital anesthesia, with bi- 
lateral trephiations over the primary motor 
arm area (area 4) leaving the dura intact. 
Various quantities of the standard alumina 
preparation were then injected through the 
dura mater with a 20 gauge hypodermic 
needle and tuberculin syringe, angled in such 
a fashion as to insure the deposition of the 
alumina in cortical grey matter. The quan- 
tities utilized and the number of monkeys re- 
ceiving each quantity are represented graph- 
ically in Fig. 1.  Electroencephalography. 
Serial electroencephalographic tracings with 
and with Metrazol (pentamethylentetrazol) 
activation were made at regular intervals 
throughout the observation period. Frontal, 
central, temporal and occipital leads were 
placed bilaterally and linked for recording 
by bipolar technic with an _ eight-channel 


THRESHOLD FOR ALUMINA CREAM 


GMM Fits, Met.aceG CHANGES 


9 METRAZOL @ EEG CHANGES 
EE@ CHANGES ONLY 
L [7 wo cHanoe 


NUMBER OF MONKEYS 
a 


4 

; he 

Z 2] 

: 
LZ E 


O2cc 


O.l ec 


0.03cCe 0.05¢¢ 


QUANTITY OF ALUMINA CREAM 

FIG. 1. Graph illustrates relationship between 

quantity of alumina cream injected and incidence 
of production of seizures. 
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Model III Grass _ electroencephalograph. 
Metrazol activation with known sub-convul- 
sive doses (0.2-0.3 cc of 10% solution) was 
routinely employed(4) during recording but 
only those aniinals in which actual clinical 
seizures were produced have been listed as 
demonstrating increased sensitivity to the 
drug. 

Results. As indicated in Fig. 1, it became 
apparent that a definite quantitative thresh- 
old existed for the production of seizures from 
the motor cortex of monkeys with a standard 
preparation of alumina cream. Ninety per- 
cent of those animals receiving injections of 
0.1 cc of the preparation developed spon- 
taneous fits; while only 10% of those receiv- 
ing lesser amounts of the same material had 
attacks. Those which were injected with 
larger amounts invariably developed seizures. 
Electroencephalographic abnormalities were 
found in all animals in which 0.1 cc or more 
was utilized, whereas less than half of those 
injected with smaller quantities showed simi- 
lar changes. Increased sensitivity to Metra- 
zol activated seizures was demonstrated in 
only 2 of 10 animals with less than 0.1 cc of 
alumina cream, while 13 out of 14 who had 
received 0.1 cc or more showed activation of 
the electroencephalogram and developed con- 
vulsive phenomena with the drug. 

The spontaneous seizures which developed 
consisted, in the main, of focal tonic and 
clonic fits, usually beginning in the upper 
limb contralateral to the side of the injection, 
and frequently showed a typical Jacksonian 
march. Less commonly the attacks were uni- 
lateral or generalized at the onset, and usually 
were of 15-19 seconds duration. Two mem- 
bers of the series developed uncontrollable 
attacks and died in status epilepticus. In ad- 
dition to spontaneous fits, most of the ani- 
mals could be provoked into seizure by vig- 
orous physical stimulation. 

The electroencephalographic abnormalities 
consisted chiefly of focal abnormalities—iso- 
lated spikes, bursts or runs of continuous dis- 
charges—arising from the motor cortex at the 
site of injection. Less frequently, delta 
range activity and occasionally merely sharp 
waves were observed. The presence of a low 
voltage fast “mirror” focus on the contra- 
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following injection with alumina cream. Note in- 
itial latent period which averaged 6 wk. 


lateral motor cortex was a common finding 
particularly in those animals observed for a 
long period of time. 

The development of seizures usually fol- 
lowed a delay of at least 6 to 7 weeks; the 
length of this delay bearing no relationship 
to the quantity of alumina injected. Fits 
and/or EEG abnormalities were seen to oc- 
cur as early as two months and as late as 16 
months after injection, but in most instances 
developed within 6 months, as illustrated in 
Fig. 2. The total period of observation var- 
ied from 4 months to 2 years. Those animals 
which failed to develop seizures were observed 
for an average period of one year following 
injections. 

Discussion. The value of alumina cream in 
the production of experimental epilepsy is 
once again confirmed. The technic of intra- 
cortical injection employed here differs from 
the method of disk application utilized by 
Kopeloff et al.(6), Pope(7), Cure(1), Walker 
(9) and their co-workers. Since it is felt that 
the direct contact between the epileptogenic 
agent and the neurons is responsible for the 
production of convulsive manifestations, the 
intracortical injection method was felt to be 
superior for the purpose of this study. The 
injection technic has been previously shown 
to be effective in the hands of such investi- 
gators as Sloan(8), Kennard(5) and Gas- 
taut(2), even when applied to structures at 
subcortical levels. It remained only to be 
shown that a quantitative relationship existed 
between the amount of alumina cream em- 
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ployed and the actual production of seizures. 
Conclusions. 1. There appears to be a 
quantitative threshold for production of 
chronic experimental epilepsy in the monkey 
with intracortical injection of a standardized 
preparation of alumina cream. 2. The level 
of this threshold for the motor cortex of the 
Macaca mulatta is 0.1 cc of alumina cream, 
containing 18-22 mg of aluminum /cc. 
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Inactivation of viruses by ionizing radiation 
has been much studied(1). Use of heavily 
ionizing radiation such as alpha particles and 
deuterons enables a measurement of effective 
cross section, which, as determined by ob- 
serving the slope of the straight line obtained 
by plotting the logarithm of the survival ra- 
tio against the dose, has been found in many 
cases to be correlated either with the full size 
of the virus, or with that of some specially 
sensitive internal unit. 

This paper is concerned with the loss of 
infectivity under deuteron and alpha particle 
bombardment. While this work was in 
progress a report of alpha particle bombard- 
ment of the Lansing strain of poliomyelitis 
virus was presented by Bonet-Maury and 
Latarjet(2). 

Materials and methods. The MEF1 baby 
mouse adapted strain of Type 2 poliomyelitis 
virus was used throughout. For desiccation, 
cover slips (1% in. diam. circles) were fixed 
with silicone grease into the 10 depressions 
of a circular brass plate and sterilized by 
dry heat. Five hundredths ml of a 20% 
baby mouse brain suspension containing virus 
in 15% Bacto-peptone(3) was spread evenly 


over the surface of each cover slip. This was 
rapidly frozen at —70°C on a level surface. 
The plate holding the cover slips was designed 
to permit irradiation of dry virus under vac- 
uum in a laboratory not ordinarily concerned 
with pathogenic material. The depressions 
containing the cover slips were connected by 
indents to holes that lead to the outside and 
that were filled with absorbent cotton which 
would permit evacuation of the system with- 
out any possible contamination coming 
through to the outside. This first plate was 
then covered by 2 more which kept in posi- 
tion a thin aluminum foil of thickness equiva- 
lent to 1 cm of air in such a way that only 
the foil stood between the specimen and the 
irradiating beam. This meant that at no 
time would the virus be exposed in the phys- 
ics laboratory and yet bombardment by fast 
particles would be possible. After bombard- 
ment, the virus-containing cover slips receiv- 
ing the same dose of deuterons or alpha par- 
ticles as well as those serving as controls (no 
radiation) were placed in tubes to which 
enough distilled water was added to make a 
10+ concentration of brain. To insure best 
possible contact between the water and the 
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TABLE I. Results of Bombarding MEF1 Polio- 
myelitis Virus with Deuterons. 


n 
DX 10 2.3 log — S (X 107? em?) 
No 

1.13 1.84 16.3 
7 0 0 
WAT 1.15 9.8 
1.31 3.0 22.8 
Lg 0 0 
2.05 1.38 6.9 
2.13 23 1.0 
2.26 92 4.1 
2.5 1.61 6.4 
2.72 1.85 6.8 
2.76 1.84 6.7 
3.25 69 21 
3.75 1.60 4.3 
4.4 1.38 3.1 
4.75 2.06 4.4 
4.75 3.0 6.3 
5.5 3.0 5.4 
6.6 2.75 4.2 
113 4.6 4,1 


AV?) S == 6.0>< 10-2 em 
= +5.3 >< 10 em? 


dry material, cover slips were fragmented 
with the end of a pipette which remained in 
the tube during the reconstitution period of 
30-60 min. at 4°C. Thus the particles of dry 
material that gained access to the pipette 
during maceration of the cover slips were 
equally reconstituted. Beginning with the 
10+ dilution, sufficient serial ten-fold dilu- 
tions were made in physiological saline to 
reach a titration endpoint, and 0.02 ml of 
each dilution was inoculated intraspinally 
into 6-8 adult Swiss mice. Animals were ob- 
served for 10 days for paralysis and death. 
Titers of samples were calculated according to 
the method of Reed and Muench(4). 
Results. The cross sections resulting from 
several bombardments are presented in Tables 
I and Il. Table I corresponds to bombard- 
ment by deuterons and represents the sum 
total of 5 runs, while Table IT lists the results 
of 4 runs using alpha particles. The inactiva- 
tion appears to follow the semi-logarithmic 


n 
relation, In ee) = -SD, as predicted for 


0 


any statistical inactivation by randomly dis- 


; : ila 
tributed particles(1,3), where — is the sur- 
No 
vival ratio and D is the number of particles 
per cm’. The values of the cross section, S, 
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scatter somewhat as indicated by the rather 
large standard deviation, but there seems to 
be no reason to disbelieve the general log- 
arithmic trend. 

The figure for the cross section, S, of the 
infective virus obtained for the case of deu- 
terons is 6.0 + 5.3 x 10° cm?. In the case 
of alpha particles the figure obtained is 7.1 + 
3.5 x 1072 cm?. If the cross section obtained 
for alpha particle bombardment is taken to 
represent the projected area of a sphere of 
radius r, the radius derived is 15.7 + 4.8 mp 
and the diameter is 31.4 + 9.6 mp. This fits 
quite well with the recently reported electron 
micrograph figures for poliomyelitis virus (27- 
30 mp(5) and 28 mu(6)). The fact that 
although deuterons ionize about one-fourth as 
densely as alpha particles and yet produce an 
inactivation approximately as great, argues 
that the sensitive volume is moderately homo- 
geneous. The fact that the cross sections de- 
rived from both types of radiation are large 
indicates that the infective virus is very sensi- 
tive to these densely ionizing radiations. The 
sensitivity is such that the whole virus, or 
very nearly the whole virus, appears to take 
part in infectivity and that the sensitive unit 
is at least relatively thick. 


Summary. Baby mouse adapted MEF1 
poliomyelitis virus has been bombarded by 
deuterons and alpha particles. The inacti- 


TABLE II. Results of Bombarding MEF1 Polio- 
myelitis Virus with Alpha Particles. 


n 
DX10" 2.3log— S(x10-em?) r(x 10cm) 
n 


oO 


1.24 .69 5.6 1.29 
1.43 .92 6.4 1.43 
7p 33 2.76 12.9 2.03 
Zea 2.52 9.4 1.73 
2.96 69 2.52 2.72 
3.56 4.8 13.3 2.06 
4.1 2.06 5.1 1.27 
4.3 1.84 4.3 1.17 
4.95 5.0 Dui teil 1.69 
5.46 2.52 4,7 1.21 
6.4 5.3 8.3 1.62 
6.5 1.16 2.5 .89 
fl 6.45 weil ieyal 
7.2 2.99 4,2 1.15 
AV 21S ele xen One ieme 
CA o.0 ol On rem= 
Avgy = 15.7 my 
o = +48 Mu 
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vation of infectivity corresponds to a cross 
section of 7.1 + 3.5 x 10° cm? for alpha 
particles and 6.0 + 5.3 x 10° cm? for deu- 
terons. The radius of an assumed spherical 
sensitive volume so deduced is 15.7 + 4.8 my. 
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for the design and aid in construction of the bom- 
bardment arrangements, and Miss Nancy Smale for 
technical help. 
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Effect of Ethylenediamine Tetracetic Acid, Magnesium and Calcium on 
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Ethylenediamine tetracetic acid (EDTA) 
protects some enzyme systems against inac- 
tivation that occurs during the preparation or 
incubation of the tissues(1-7). Its action in 
some cases is indirect due to its ability to 
bind and remove inhibiting metal ions(1,4) ; 
in others, there is evidence for a direct effect 
independent of its chelating ability(2,3,5). 
The reports of the effect of EDTA on succin- 
ate oxidation are conflicting. Under some 
conditions, it activates(4,5); under others, it 
appears to inhibit(1) the succinoxidase sys- 
tem. This paper is concerned primarily with 
the mechanism of action of EDTA on suc- 


cinate oxidation and to compare the effects 
of this agent (with and without added metal 
ions) with those produced by DPN and ATP. 
Since oxalacetate (OAA), formed during suc- 
cinate oxidation, has a profound inhibitory 
action on the succinoxidase system(8,9), par- 
ticular attention is given to the effect of the 
experimental conditions on the production 
and utilization of this keto acid. 

Methods. Isotonic NaCl, containing an ex- 
cess of cytochrome c to which various addi- 
tions were made, was used as a medium. 
Phosphate , Tris- (hydroxymethyl) amino- 
methane, or glycylglycine were used as buffers 


TABLE I. Effect of EDTA and DPN on Succinate Oxidation (Oxygen Uptake) and Keto 

Acid Accumulation (Figures in Parentheses). Warburg experiments. Reaction volume 2 ml. 

All flasks contained in final concentrations: Phosphate (.01 M), succinate (.02 M), cytochrome 

e (5 X 10° M). Other additions as indicated. 0.5 ml of 5% whole homogenate (0.4-0.9 mg N) 

added to all vessels. Keto acids expressed as micromols OAA/mg N. O, consumption corrected 

for endogenous respiration and expressed as wl/mg N/hr. Temp. 38°C; gas phase, air; dura- 
tion, 60 min. See text for levels of differences between groups. 


SS a Nii oe -———- Added Mg** (.003 M) 

Cont. EDTA DPN Cont. EDTA DPN 
(.001 M) (.001 M) (.001 M) (.001 M) 
Heart 220 (.28) 110 (.79) 110 (.65) 250 (.24) 240 (.29) 150 (.87) 
Kidney 160 (.13) 90 (.68) 100 (.49) 170 (12) 170(.08) —- 180 (.42) 
Liver 150 (.17) 70 (.53) 140 (.17) 160 (.13) 120 (.21) 140 (.66) 
Brain 110 (.13) 60 (.22) 80 (.22) 130 (.15) 140 (.14) 90 (.23) 


* This work was supported by grants from Public 
Health Service, National Institute of Neurological 
Diseases and Blindness, and from Life Insurance 


Medical Research Fund. Preliminary report pre- 
sented at 1954 Meetings of Am. Physiol. Soc. at 
Madison. 
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(pH 7.4). Five per cent whole tissue homo- £52 |/S x ae 2S 
genates or mitochondrial suspensions were = = »o |e = ro St ty ee ee aes = 
prepared in the cold as previously described £'%05 |] 3% ACS PS, [alee sl ae 
(10). The usual Warburg procedures were [H “Sa a a 
employed for determining the rate of suc- £4 ae aS 
cinate oxidation(10), all O2 data being cor- ¢ aa eS S gehen 2S & 
rected for endogenous respiration. Generally, 2=-2 || = 20 steed Sie Sots Ss 
the substrates were tipped in from the side Sas ae i) 
arm to the enzyme and the other components <= re 5 ue 
of the medium after 4 minutes for tempera- &% = a cn ee sei Os 
ture equilibration and initial readings were ,~* |/2 Su] GSSSas | | 
taken 1 minute later; in some experiments the == 2 || 5 ri Ree 
substrates were added after the enzyme was Gre | 
incubated for various intervals of time. Here 222 || ~ ae 
readings were started 1 minute after such ad- is a hs : on an E ao ls i ewie 
ditions. In other experiments the enzyme =? | Ged ee aes ef toes 2 
was added directly to the medium containing =< ae fs a < 
all the substrates. Where respiration was not $ 254 AE 4 
measured, a Dubnoff shaking incubator was Pha ag S aL aoe z 
used, the ice-cold enzyme being added to the 2%%=]3 Kan| 2|S|S88E 3 E 
complete medium and immediately incubated. 2x6 =/| § a ees She ele har ea é 
Any deviation from these procedures are de- = dias = So 
scribed below. Keto acid accumulation was 5= 5 alls 2 eee Re cone 
measured(11) by determining the total a AS = S BS S = a1 < 2 % < = S 5 
amount present after one hour of succinate o@ F= ¥ 4 Aon Soe Ra eS 
oxidation. This data is given as micromoles === = 
of OAA.t Utilization of OAA was calculated =“ 2 a 2 
(11) from the amount that disappeared in 15 ae aoe Bs Spe S | a | be ate : 
or 20 minutes after the enzyme was added to SE205 avs] “°° RTT 3 
a medium containing a measured quantity of 4 Bo Z ee $ 
this keto acid. (Under these experimental £884 2 A 
conditions, those tissues with the highest rate =~ = E\|S at e pte aS eae 
did not deplete the added keto acid by more 2.32 ©||S# Ske ® 2|/S||/ass 8 |e 
than 60-70%.) Zero time determinations ¢ § % 2]] 52 “ se iy S 
were made in both types of studies. The re- 4=2o||/ 5% = 
action was stopped by adding an equal vol- = 2 2 ae aa 
ume of ice cold 10% trichloracetic acid to the + <8 = aon Rel a sae s 
contents of the vessel. Other pertinent de- = pao lies acs alallass So 
tails of the experimental procedures are given oa a g i a 
in the figures and tables. Where the results * % = = = 
of a typical experiment are given it is taken in 5 slate | Reseeper os tH jo be s : 
from a large series of similar runs. The level a5 2 5 < ala las ares, Sy 
of significance of the differences reported is = Be é 
given below. Se 3 Ga ee S 
t OAA was a neutralized solution made immediate- 5 = 2 a ¥ Rs S S 2 eo = . =< 3 
ly before use from a supply prepared from sodium e F = = g : : “ 
ethyl oxalacetate. DPN “9OL”, ATP (sodium salt), FR es . = = t eo - + s E 
Tris, and cytochrome c were obtained from Sigma e ae pe: ZS* cig ssssas 5 
Chemical Co.; EDTA (“Sequestrene” obtained from & g a fs = 
Alrose Chemical Co.) was a 3X recrystallized disodi- 3 5 a a 2 HAMHINnSK oO a a 
um salt used in a neutral solution. S aS ic x . 
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FIG. 1. Averages from 22 experiments for EDTA 
and succinate: 9 for Mg*+; 9 for Ca*+; and 4 for 
Mn**. When a pair of vessels containing metal 
ions in side arms were tipped, another control pair 
containing trichloracetic acid in side arms were 
tipped and immediately removed from bath. The 
first pair continued to incubate until time indi- 
cated. Main compartments contained kidney 
homogenate, phosphate buffer, succinate, ¢yto- 
chrome ¢ and EDTA as given in Table I. Metal 
ions (final concentration): Mg++ (.003 M), Ca** 
(.0015 M), Mn** (.003 M). 


Results. A. Keto acid accumulation during 
succinate oxidation. In the absence of added 
metal] ions, the addition of EDTA (final con- 
centration — .001 M) increases markedly the 
amount of keto acids found at the end of 60 
minutes of succinate oxidation (Table I, fig- 
ures in parenthesis). The percentage increase 
is much greater in kidney, liver and heart 
than in brain (400, 200, 180 and 70%, re- 
spectively). All these differences are signifi- 
cant at the 1% level. At the same time 
EDTA also inhibits by about 50% succinate 
oxidation (differences significant at 19% 
level). The addition of Mg++, Cat* or 
Mn++ completely prevents the stimulating 
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effect of EDTA on keto acid accumulation 
(see also Table II) and simultaneously abol- 
ishes its inhibitory action on succinate oxida- 
tion. Note that Ca++ and Mg++, when 
added together, do not antagonize one another 
on this action of EDTA (Table II, column b, 
line 8). The results of experiments where the 
ions are added after various intervals to an 
incubating reaction media containing EDTA, 
succinate and the enzyme indicate that the 
accumulation of keto acids ceases immedi- 
ately on such additions, then, depending upon 
the metal ion added, the concentration may 
remain stationary for the rest of the incuba- 
tion period, as occurs with Ca++, or may fall 
off as is found with Mg++ or Mn+~ (Fig. 1). 

Preincubating the enzyme (aging) for one 
hour before adding the EDTA and succinate 
also abolishes the stimulating effect of EDTA 
on keto acid accumulation (Fig. 2, inserted 
figures in shaded columns), indicating a re- 
quirement for this action of EDTA of a sub- 
stance easily inactivated or depleted by aging 
the enzyme. DPN is regarded as the labile 
substance required by malic dehydrogenase 
for OAA production(12). Therefore, it is sur- 
prising that brain, a tissue rich in DPNase 
(13,14), appears the most resistant to aging. 
Also as a result of aging the enzyme, EDTA 
is no longer very effective in inhibiting suc- 
cinate oxidation (Fig. 2), indicating that the 
inhibitory action of EDTA on the succinoxi- 
dase system is associated with its ability to 
increase OAA formation. 
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FIG. 2. Typical experiment on tissues from same 

animal. EDTA and succinate added to ‘‘not pre- 

incubated’’ after 4 min. for equilibration; to 

‘‘preineubated’’ after 1 hr. Other conditions as 
in Table I. 
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TABLE III. ypM Keto Acid (as OAA) Found by 
Fresh and Preincubated Tissue Preparations 1 Hr 
after Addition of Succinate. These results on 
preparations of pooled kidneys of 2 rats are typi- 
cal of 4 others. Mitochondria separated from 30 
ml of homogenate used in ‘‘A’’ and resuspended 
in 15 ml saline. Fresh whole homogenates added 
to flasks within 5 min. after death; fresh mito- 
chondria within 60 min. Preincubated preparation 
shaken at 38°C in buffered saline before succinate 
and other additions were made except line 11 
where EDTA was present. Dubnoff shaker; con- 
centrations as in Table I. 


A B 
Whole 
homoge- Mito- 
Line # nates chondria 
1 Fresh + succinate eli Ave 
2 Idem + ATP 32 ple! 
3 7 +t EDTA .69 ALT 
4 ”» +t DPN 1.0 44 
5 we » + EDTA i755 OT 
6 Preincubated 1 hr, then .05 05 
succinate added 

7 Idem + ATP alii .07 
8 7 + EDTA 10 07 
9 : + DPN 54 A2 
10 z » + EDTA 1.32 D3 
11 ” with EDTA, then 45 allel 


succinate added 


The nature of the labile substance required 
for the action of EDTA is suggested from the 
results of a typical experiment shown in Table 
III. It can be seen that although ATP, 
EDTA and DPN are very effective individ- 
ually in increasing keto acid accumulation in 
fresh enzyme preparations, only DPN will 
cause such increases in aged preparations 
(line 9). EDTA, when added to aged prepa- 
rations, is unable to stimulate keto acid pro- 
duction (line 8) unless DPN is added along 
with it (line 10), indicating that the destruc- 
tion of DPN during preincubation is a factor 
necessary for this effect of EDTA. It should 
also be noted, however, that if EDTA is pres- 
ent during the preincubation period it pro- 
tects this capacity of the tissues (line 11) 
probably by preserving endogenous DPN. 
Mitochondria contain little DPNase activity 
(14), a factor that may be responsible for 
the differences in response between preincu- 
bated mitochondria and preincubated whole 
homogenates to added DPN (Table III). 

Comparing the effects of EDTA, DPN, and 
ATP on keto acid accumulation during suc- 
cinate oxidation, with and without the addi- 
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tion of metal ions, reveals a number of strik- 
ing differences: First, it was shown above that 
the addition of Mg++ completely abolishes 
the stimulating effect of EDTA on keto acid 
accumulation. Standing in strong contrast is 
the effect of this metal ion in increasing the 
amount of keto acids produced by DPN. 
However, unexpectedly this increase in keto 
acids with DPN and Mgt~* is accompanied 
by less, or no change in the inhibition of suc- 
cinate oxidation. For instance, in liver 
Mg++ causes a 4-fold increase in keto acids 
without affecting oxygen consumption (Table 
I). In this tissue these differences in keto 
acids are significant at the 1% level. In the 
heart it increases the keto acid concentration 
from .65 to .87 micromol per mg of nitrogen, 
(not quite at the 5% level) but at the same 
time, the oxygen consumption increases from 
110 to 150 pl/mg N/hr (significant at better 
than 5%). Results with kidney or brain 
homogenates, when carried out in Warburg 
vessels, are more variable as far as keto acid 
accumulation is concerned, but in all in- 
stances with kidney the addition of Mgr*, 
along with DPN, results in a significantly 
(1% level) higher succinoxidase activity.? 
However, when experiments are made in a 
Dubnoff shaker (no alkali used to absorb 
COz), the results show quite clearly that 
Mg*~ significantly (1% level) augments the 
keto acid accumulation produced by DPN 
(Table II, column c, lines 1 and 6). 


It should be pointed out that in the EDTA 
experiments the concentration of Mgt+*+ is in 


+ Preliminary experiments, using paper chromato- 
graphic separation and quantitative analysis of the 
individual keto acids(15), indicate that sufficient 
OAA is present in the Mg++ experiments to pro- 
duce considerably more inhibition of succinate oxida- 
tion than was actually observed. The averages of 
2 experiments with kidney were as follows: DPN 
alone inhibited succinate oxidation by 55%; added 
together with Mg++, the inhibition was 17%; of the 
65 wg of total keto acids found without Mg++, 45 

g were in the OAA spot. Of the 90 ug of keto 
acids found with Mg++, 75 wg were OAA. Ap- 
parently the presence of Mg++ reduces ability of 
OAA to inhibit succinate oxidation. This phenome- 
non will be dealt with in detail in a subsequent 
paper. 
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excess of what would be complexed by the 
chelating agent(16), thus, free Moos 
available. It would be reasonable to expect 
that if the stimulating action of EDTA on 
keto acid accumulation were accounted for by 
its ability to preserve endogenous DPN from 
destruction, the action of an excess of Mg++ 
should be similar with EDTA as with DPN. 
The differing effects suggest, then, that 
EDTA also affects systems that do not in- 
volve DPN or its destruction and which 
strongly influence the amount of keto acids 
accumulating during succinate oxidation. 

ATP also stimulates keto acid accumula- 
tion during succinate oxidation (Table I, col- 
umn d) but, unlike those produced by DPN, 
the keto acids produced by ATP do not de- 
press succinate oxidation despite the fact that 
results of two preliminary paper chromato- 
graphic studies indicate the presence of suf- 
ficient OAA to produce profound inhibition. 
As with DPN, Mgt increases keto acid ac- 
cumulation produced by ATP. As for keto 
acid accumulation, only Ca++ produces simi- 
lar effects on EDTA, DPN and ATP. This 
ion neutralizes the stimulating action of all 3. 
Furthermore, this inhibitory action of Cat+ 
is not antagonized by Mg*~. 

B. Utilization of added OAA. Consider- 
able variation occurs from animal to animal 
in the rate of utilization of OAA by the in- 
dividual tissues but the relative differences in 
rates among the four tissues studied are very 
constant. The average utilization rates (uM/ 
mg N/hr) from 14 experiments, using a Tris 
buffer, are: Heart, 8.20; liver, 4.20; kidney, 
3.40; brain, 1.00. With phosphate buffer, 
the utilization rate is 25% lower. These dif- 
ferences are significant at the 1% level. 
EDTA effectively stimulates utilization, the 
liver usually showing the greatest response. 
As have others(17), we find that DPN and 
ATP also enhance utilization, the latter being 
more effective (Table II, column g). Mgt 
or Mn++ is very effective in stimulating OAA 
utilization, tripling the rate in some instances. 
However, it should be noted that the system 
is quite active without the added ion (Table 
TT, tine 1). 

In low to moderate concentrations (.0003 
M to .0006 M), Ca++ significantly inhibits 
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OAA utilization (Table IJ, column e, lines 2 
and 3). Such concentrations also abolish the 
stimulating effect of DPN or ATP on utiliza- 
tion (columns f and g, line 3). All these in- 
hibitory actions of low concentrations of 
Cat+ are readily antagonized by Mgtt+ 
(lines 8 and 9). This is in contrast to the ir- 
reversible Ca++ inhibition of keto acid ac- 
cumulation. However, low concentrations of 
Ca++, which cause approximately 50% in- 
hibition of OAA utilization in the controls, 
DPN or ATP experiments, enhance the stim- 
ulating action of EDTA by 15 to 30% (col- 
umn h, lines 2 and 3). This effect with low 
concentrations of Ca++ plus EDTA is seen 
with phosphate, Tris or glycylglycine buf- 
fered systems. The effectiveness of this com- 
bination can be gauged by comparing the in- 
crease with that produced by Mg++ (.003 M) 
plus EDTA, particularly in a Tris buffered 
medium (column j, lines 3 and 6). Ca** in 
concentrations in excess of what will be chel- 
ated by EDTA(16), causes the expected in- 
hibition (columns h and j, lines 4 and 5). 
Thus it appears that, provided no excess of 
this metal ion is present, a Catt-EDTA 
complex has a direct activating effect on OAA 
utilization.§ 

Discussion. EDTA, it appears, has a dual 
effect on keto acid metabolism; it stimulates 
the formation of OAA during succinate oxida- 
tion as well as accelerates its removal. As 
this keto acid is a potent inhibitor of the suc- 
cinoxidase system, the overall effect on suc- 
cinate oxidation depends, to a great extent, on 
the balance of these two activities. In all 
experimental conditions studied here, EDTA 
inhibits succinate oxidation only when it is 
capable of simultaneously increasing keto 
acid accumulation. The mechanisms that are 
involved in formation and utilization of OAA 
are not equally stimulated by EDTA as each 
has rate limiting factors that determine the 


§ A phosphate buffer-dependent “diphasic” action 
of Ca++ can be observed (a reversal of the inhibi- 
tory action as concentration is increased). This, we be- 
lieve, may result in misleading interpretations. Here 
the reversal occurs at Cat+ concentrations of .003 
M (Table I, lines 3, 4 and 5.). With EDTA it oc- 
curs at higher concentration. This effect is not ob- 
served if Tris or glycylglycine are used as buffers. 
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final effect produced. For instance, it was 
shown that EDTA requires for its ability to 
stimulate keto acid accumulation the pres- 
ence of a substance, apparently DPN, which 
is easily destroyed or depleted by preincubat- 
ing the tissue at 38°C. Also it is apparent 
from the opposite effects on keto acid accumu- 
lation produced by added Mg++ in a DPN 
and in an EDTA medium that other systems 
are involved in the EDTA effect. These are 
primarily concerned with utilization of OAA 
and appear to be protected by EDTA, but 
are activated only when there is an excess of 
Mg++ present. Probably involved here is an 
ATPase as it has been shown that it is ATP 
that is required for the utilization of OAA 
(17). Hence, when both EDTA and an ex- 
cess of Mg*t* are present, the utilization of 
OAA exceeds production and so the keto acid 
does not accumulate to inhibit the succinoxi- 
dase system. The mechanism of action of 
Mg** in a medium containing added DPN 
is not clear. Here Mgt?* stimulates the ac- 
cumulation of OAA yet this keto acid, under 
such conditions, has a diminished capacity to 
inhibit succinate oxidation. 

EDTA also has a direct action in stimulat- 
ing the utilization of OAA. This is seen un- 
der conditions where this agent chelates with 
a small amount of Cat* leaving no excess of 
the metal ion in the medium. In all the other 
experimental conditions studied, Ca++ in low 
and moderate concentrations inhibits, irre- 
versibly, formation and, reversibly, the utili- 
zation of OAA. The inhibition on the latter 
is readily antagonized by an excess of Mg++ 
and the mechanism can be best understood 
by assuming a competition between Met + 
and Ca*~* for some active site on an enzyme 
or enzyme substrate complex. From this it 
can be expected that EDTA can also stimu- 
late utilization of OAA by upsetting the 
Mgt+-Cat+ ratio in the cell. This pos- 
sibility is buttressed by an examination of the 
ability of EDTA to form complexes with vari- 
ous metal ions(16). The ease with which 
Cat+, or Mg++, complexes with EDTA is 
indicated by their stability constants. Log 
K» for Catt is 10.59, for Mg++, 8.69(16). 
This means that in a mixture of these ions 
EDTA tends to bind more Ca++, as this 
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complex dissociates less readily than one with 
Mg++; or, if an Mg++-EDTA complex is 
already formed, Ca++ may be expected to 
displace the Mg++ (a mechanism that may 
also account for the stimulating effect of low 
Cat++-EDTA). The final result would be 
an increase in the effective Mg++ concentra- 
tion which, from these results, could be ex- - 
pected to increase OAA utilization. 

Finally, the relationships between OAA 
metabolism and the level of succinate oxida- 
tion demonstrated here lend further support 
to the hypothesis that the naturally formed 
OAA may have an important regulatory role 
on oxidative metabolism through the Krebs 
cycle(18). 

Summary. 1. EDTA. stimulates the ac- 
cumulation of OAA during succinate oxida- 
tion. Although apparently DPN is required 
for this action, the results indicate that other 
systems concerned with the utilization of 
OAA are also involved in the EDTA effect. 
2. Mg++, Mn++, or Ca++ prevent the ef- 
fect of EDTA in increasing accumulation; the 
former 2 ions by activating a system con- 
cerned with utilization, the latter ion by in- 
hibiting the formation of OAA. 3. Succinate 
oxidation is inhibited by EDTA only when 
the latter simultaneously stimulates OAA ac- 
cumulation. 4. Mg++ increases OAA ac- 
cumulation produced by DPN but in the 
presence of this ion the keto acid shows a 
diminished capacity to inhibit succinate oxi- 
dation. 


I am indebted to Mrs. Matilda Tyler, Armonia 
Artes de Stiehl and Miss Graciela Coll Camalez for 
excellent technical assistance. 
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Certain bacterial antigens are readily ad- 
sorbed by red blood cells and render these 
modified erythrocytes specifically agglutin- 
able by homologous bacterial antibodies. In 
experiments with crude Escherichia coli anti- 
gens it was shown(1,2) that normal serum, 
lecithin, and cholesterol inhibit this hemag- 
glutination reaction. Similar observations on 
the inhibitory effects of lecithin and cephalin 
on agglutination of red blood cells modified 
by a tuberculin fraction were subsequently 
reported by Boyden and Grabar(3).  Inhibi- 
tion may be due to either prevention of ad- 
sorption of antigen by erythrocytes or altera- 
tion of the antigen in such a way as to pre- 
clude its reaction with homologous antibody. 
Since the above mentioned experiments were 
carried out with crude antigens, it was 
deemed of interest to determine whether nor- 
mal serum, lecithin, and cholesterol likewise 
inhibit hemagglutination when purified bac- 
terial lipopolysaccharides are used. The ef- 
fect of these inhibitors on antibody-neutral- 
izing ability of antigens was also investigated. 

Material and methods. Two purified en- 
terobacterial lipopolysaccharides, obtained 
from E. coli serogroup 08 and Salmonella 
abortus equi, respectively, were prepared ac- 


cording to methods of Westphal and _ co- 
workers(4-6). The lipopolysaccharides were 
either heated at 100°C or treated with sodium 
hydroxide as described by Macpherson e¢ al. 
(7), since it was shown that these procedures 
result in marked enhancement of erythrocyte- 
modifying ability without corresponding in- 
crease in antibody-neutralizing capacity(8). 
Lecithin (ex ovo, pure)t and _ cholesterol# 
were dissolved in absolute alcohol as a 1% 
stock solution; appropriate dilutions were 
prepared daily, and corresponding alcohol di- 
lutions employed as controls. Suitable 
amounts of lipopolysaccharides were mixed 
with lecithin, cholesterol, normal serum, or 
alcohol and kept either at 37°C or in boiling 
water for time periods specified below. These 
mixtures were then used for modification (10 
minutes at 37°C) of either sheep or human 
(blood group 0) red blood cells, according to 
methods described previously(9-11). Serial 
dilutions of homologous £. coli and S. abortus 
equi (rabbit) antisera (vol. 0.2 ml) were 
mixed with an equal volume of the modified 
red blood cells, incubated at 37°C for 30 min- 
utes, and centrifuged at 1500 r.p.m. for one 
minute; the resulting hemagglutination was 


* Aided by research grant from the National 
Microbiological Institute, Public Health Service. 


¢ Fisher Scientific Co., Pittsburgh, Pa. 
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modified red blood cell suspensions were 
mixed with antiserum in serial dilutions and 
guinea pig complement in a dilution of 1:20; 
the mixtures were incubated at 37°C; the re- 
sulting hemolysis was recorded after incuba- 
tion for 30 minutes at 37°C. The effects of 
above inhibitors on antibody-neutralizing ca- 
pacity of lipopolysaccharides were determined 
by the bacterial hemagglutination or hemoly- 
sis inhibition tests as follows. Serial dilutions 
of untreated and inhibitor-treated antigens 
(vol. 0.1 ml) were mixed with 3 to 4 minimal 
hemagglutinating or hemolyzing units of the 
homologous antiserum (vol. 0.2 ml). The 
mixtures were kept in water bath at 37°C for 
30 minutes. Red blood cells modified with 3 
to 4 minimal units of homologous antigen 
(vol. 0.2 ml) and, in hemolysis inhibition 
tests, complement were added. The mixtures 
were incubated and results read as described 
above. As diluent phosphate buffer! (12) was 
used throughout. 

Results. In a representative experiment 
5 ng/ml of F. coli and 2.5 ug/ml of S. abortus 
equi lipopolysaccharides were mixed with (1) 
lecithin (5 mg%), (2) cholesterol (5 mg%), 
(3) normal sheep serum (1:200 dilution), 
(4) phosphate buffer, and (5) alcohol (in a 
concentration identical with that of lecithin 
and cholesterol solutions). Mixtures 1, 3, 4, 
and 5 were kept for 10 minutes at 37°C; mix- 
ture 2 and aliquots of 4 and 5 were heated in 
boiling water for 10 minutes. These materials 
were then used for modification of sheep red 
blood cells, and the modified erythrocytes 
tested with homologous and _ heterologous 
antisera for hemagglutination. In addition, 
the mixtures were used in the hemagglutina- 
tion-inhibition test, utilizing both homologous 
and heterologous antisera and red blood cells 
modified with respective bacterial antigen. 
The results are summarized in Table I. 

This Table reveals the following. (1) Leci- 
thin, cholesterol, and normal sheep serum in- 
hibited homologous bacterial hemagglutina- 
tion. (2) These materials did not interfere 
with antibody-neutralizing capacity of anti- 
gens. (3) This antibody-neutralization is 
specific, since neither antigens alone nor mix- 


§ Carworth Farms, New City, N. Y. 
|| Difco Laboratories, Detroit, Mich. 
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TABLE I. Effects of Lecithin, Cholesterol, and 
Serum on Erythrocyte-Modifying and Antibody- 
Neutralizing Capacities of Enterobacterial Lipo- 


polysaccharides. 
A B 
Hemagglutination* Neutralization* 
by of 
8. 8. 
E. abortus EH. abortus 
cou08 equi coli 08 equi 
Antigen* antisera 
E. coli 08 lipo- + -= ale aie 
polysaccharide 
Idem & lecithin —- — =e eae 
"~~ ebolesteroly —— -- =e 
” serum — a eee 
” alcohol -- = ae a 
S. abortus equi — ao = ol. 
lipopoly- 
saccharide 
Idem & lecithin — — — als 
” cholesterol, — = = ak 
serum — = ae + 
” ~~ alcohol -- + = als 


* For details see text. 

+ — Hemagglutination in modification test (A) 
or antibody-neutralization in hemagglutination in- 
hibition test (B). 

—=No hemagglutination in modification test 
(A) or no antibody-neutralization in hemagglu- 
tination inhibition test (B). 
tures of antigen and inhibitors were capable 
of inhibiting hemagglutination in the heterol- 
ogous system. These results indicate that the 
inhibitory action on hemagglutination is not 
due to an alteration of lipopolysaccharide an- 
tigens which precludes their reactivity with 
the homologous bacterial antibodies. Rather, 
the inhibitors apparently interfere with ad- 
sorption of lipopolysaccharides by red blood 
cells. 

Essentially identical results were obtained 
in hemolysis and hemolysis inhibition experi- 
ments. Further studies revealed that pretreat- 
ment of red blood cells with lecithin prior to 
modification with lipopolysaccharides also re- 
sulted in inhibition of hemagglutination and 
hemolysis. In contrast, pretreatment of eryth- 
rocytes with cholesterol and normal serum had 
no such effect. It is interesting to mention that 
heated cholesterol solution (0.5 mg%) did not 
inhibit erythrocyte-modifying capacity of lipo- 
polysaccharides, whereas, as shown above, 
heating of cholesterol-antigen mixtures re- 
sulted in failure of erythrocyte-modification. 
These findings strongly suggest that an inter- 
action takes place during heating between 
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lipopolysaccharide and cholesterol. So far as 
normal serum is concerned, it was found that 
sera from man, sheep, and calf had inhibitory 
effects, and that the sera were effective when 
red blood cells from the same animal species 
and even from the same individual were used 
in the hemagglutination test. 


Discussion. The present study with 2 puri- 
fied enterobacterial lipopolysaccharides con- 
firms the results of previously reported ex- 
periments with crude £. coli antigens to the 
effect that lecithin, cholesterol, and normal 
serum inhibit hemagglutination by homolo- 
gous bacterial antibodies. Since no evidence 
was obtained that either material destroyed 
the antibody-combining capacity of antigens, 
it is apparent that the inhibitory effect is due 
to interference with adsorption of antigen by 
erythrocytes. Boyden and Grabar(3) found 
that extracts of red blood cell stromata as well 
as lecithin and cephalin and, to a lesser ex- 
tent, cholesterol, inhibited agglutination of 
red blood cells modified by a tuberculin ex- 
tract. It is conceivable that cholesterol may 
have been more effective, had the tuberculin 
antigen been heated with the inhibitor as in 
the present experiments. It is worthy of note 
that, according to Morimoto and Morgan 
(13), lecithin, cholesterol, and cardiolipin re- 
duce activity of mumps virus hemolysin. 
Similar to the above experiment with entero- 
bacterial lipopolysaccharides, pretreatment of 
erythrocytes with lecithin, but not with 
cholesterol, rendered them less susceptible to 
lysis by mumps virus. Thus, lecithin acts as 
an inhibitor of mumps virus hemolysis and 
enterobacterial hemagglutination after reac- 
tion with either antigen or erythrocyte. Fur- 
ther studies are needed to determine mode of 
action of inhibitors of enterobacterial hemag- 
glutination and to elucidate the nature of 
erythrocyte receptors. Studies on cell re- 
ceptors for bacterial antigens are of particu- 
lar interest, since certain bacterial polysac- 
charide products inhibit virus hemagglutina- 
tion (Macpherson e¢ a/.(7)) and lessen the 
severity of infection with pneumonia virus of 
mice (Horsfall and McCarty(14)). 

Finally, since the enterobacterial lipopoly- 
saccharides are known pyrogens and normal 
serum contains substances which augment 
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and probably also inhibit pyrogenicity(15), 
the possible effects of lecithin, cholesterol, and 
plasma fractions on fever-producing capaci- 
ties of these antigens deserves further ex- 
ploration. 

Summary. 1. Sheep red blood cells treated 
with mixtures of purified enterobacterial (E. 
coli 08 or S. abortus equi) lipopolysaccharides 
and lecithin, cholesterol, or normal serum 
were not agglutinated by homologous bac- 
terial antibodies. 2. Pretreatment of erythro- 
cytes with lecithin but not with cholesterol 
or compatible normal serum had similar ef- 
fects. 3. The antibody-neutralizing capacity 
of the lipopolysaccharide-inhibitor mixtures 
was identical with that of the lipopolysac- 
charides, as revealed by hemagglutination in- 
hibition tests. 4. It is concluded that the in- 
hibitors interfere with adsorption of entero- 
bacterial lipopolysaccharides by erythrocytes. 
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Plasma Glutamine and Oxypurine Content in Patients with Gout. 


STANTON SEGAL AND JAMES B. WYNGAARDEN. 


(21583) 


(Introduced by R. W. Bates.) 


From National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Department of Health, Education, and Welfare, Bethesda, Md. 


A relationship between glutamine and pur- 
ine synthesis was suggested some years ago 
by Orstrém, Orstro6m, and Krebs(1), who ob- 
served that the rate of hypoxanthine synthe- 
sis by pigeon liver slices was accelerated when 
oxalacetate and glutamine were added to an 
incubation mixture which supplied nitrogen 
as ammonium chloride. On the basis of sub- 
sequent studies, Orstrém et al.(2) suggested 
that glutamine might participate in hypoxan- 
thine synthesis as a nitrogen carrier. Re- 
cently, Sonne, Lin, and Buchanan(3) have 
clearly established the participation of the 
amide nitrogen of glutamine in the biosynthe- 
sis of the purine ring. Somewhat prior to 
this latter work, Orstrom and Orstrom(4) in- 
vestigated blood glutamine and oxypurine 
levels in gouty subjects, and reported that 
glutamine levels were remarkably low and 
oxypurine levels decidedly high in this dis- 
ease. A decrease of blood glutamine to zero 
was reported to occur in one subject during 
acute gouty attacks. <A stoichiometric rela- 
tionship between amount of glutamine disap- 
pearing and amount of oxypurine appearing 
in blood was described in cases of gout, and a 
novel chemical mechanism for conversion of 
a portion of the glutamine molecule to the 
purine ring was proposed. 

In the present study glutamine and oxypur- 
ine levels have been measured in the plasma 
of 10 gouty and 10 control subjects. Two 
gouty subjects were studied during the latter 
days of an acute attack; 8 were studied dur- 
ing an intercritical phase of the disease. This 
paper reports an inability to confirm the ob- 
servations of Orstrom and Orstrém. 

Methods. Venous blood was collected and 
plasma separated with precautions as sug- 
gested by Seegmiller, Schwartz, and David- 
son(5). Plasma. glutamine content was de- 
termined by 2 methods on the same plasma 
samples, utilizing both the specific glutamin- 
ase of E. coli, strain W,* and also an acid hy- 
drolysis method. Glutaminase was prepared 


according to Meister(6) and purified through 
the stage of lyophilization of the 0.1 M KH» 
PO, extract of calcium phosphate gel. 1.25 
mg of this powder dissolved in 0.25 ml of 
0.1 N acetate buffer pH 4.9 was sufficient to 
liberate 20 pg of glutamine amide-N during 
one-half hour incubation at 37°, and was in- 
active when asparagine or adenosine was sub- 
strate. For enzymatic assay, one ml of plas- 
ma previously adjusted to pH 4.9 with 4N 
acetic acid was incubated with 0.25 ml of en- 
zyme solution plus 0.1N acetate buffer pH 
4.9 in a final volume of 1.5 ml. The mixtures 
were prepared in 30 ml penicillin bottlest and 
incubated at 37° C in a Dubnoff metabolic 
shaker. After 30 minutes, ammonia was lib- 
erated by the addition of 1 ml of saturated 
potassium carbonate. The acid hydrolysis 
method was modified after Krebs(7), using 
a 7.5% trichloroacetic acid filtrate and 5% 
sulfuric acid (1 ml filtrate and 0.1 ml 50% 
sulfuric acid). After the 10-minute hydroly- 
sis period, 0.2 ml of saturated NaOH and 1 
ml of saturated potassium carbonate were 
added. Standard glutamine and ammonium 
sulfate solution, reagent blanks, and recov- 
eries of added glutamine were determined 
with each set of analyses for both methods. 
The liberated ammonia was determined by a 
modification of the microdiffusion method of 
Seligson and Seligson(8). Ammonia was col- 
lected on the tip of a ground glass rod, which 
had been dipped in 2 N HsSQO,4. Microdif- 
fusion was facilitated by agitation of the bot- 
tles for 30 minutes on their sides in a Kahn 
shaker, oscillating 144 times a minute. The 
rods were then removed and immersed in 10 
ml of water to which had been added 1 ml of 
Nessler’s solution prepared according to 
Vanselow(9). After 15 minutes the solutions 
were transferred to cuvettes and _ optical 


* The authors are indebted to Dr. Alton Meister 
for a generous gift of E. coli, strain W. 

t No-Sol-Vit glass vials, Type I USP glass, 20 
mm opening. 
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density determined at 420 my in a Coleman 
Jr. Spectrophotometer. All determinations 
were done in duplicate. By the enzymatic 
method, recovery of 10 pg of glutamine 
amide-N added to 1 ml of normal or gouty 
plasma ranged from 92 to 104%. By the 
acid hydrolysis method, recovery of 10 pg of 
glutamine amide-N added to plasma filtrates 
was 81 to 118%. Uric acid was determined 
according to Praetorius’ modification(10) of 
the differential spectrophotometric method of 
Kalckar(11) employing purified hog liver uri- 
case prepared according to Muller and Bauer 
(12). Oxypurines were estimated on the 
same samples of sera by determining the in- 
crement in uric acid content following incuba- 
tion with highly purified xanthine oxidase. 
One ml of serum and 2.5 ml of 0.5 M glycine 
buffer pH 8.2 were diluted to 25 ml. Three 
ml of this mixture were then transferred to a 
quartz cuvette, and placed in the Beckman 
Model DU Spectrophotometer, containing a 
“gray filter” reference cell consisting of a 
solution of uric acid of approximately 15 pg/ 
ml, as the lithium salt. 0.01 ml of xanthine 


oxidase solution was added to the ex- 
perimental cell and the optical density 
at 292 my recorded until no_ further 


change occurred for a period of 5 minutes. 
0.01 ml of uricase suspension was then added 
and the uric acid content again determined. 
The oxypurine content, expressed as hypo- 
xanthine, was then calculated as follows:+ 


ZR ODo9e0 mp — (-A ODoo2 mp) x 136 SG 25 — 
A725 68 


mg hypoxanthine per 100 ml serum. Xanthine 
oxidase was prepared’ according to Horecker 
and Heppel(13) through the stage of am- 
monium sulfate fractionation using warm 
milk as starting material, as suggested by 
Kalckar, Kjeldgaard, and Klenow(14). 


tu = uricase, xo — xanthine oxidase. Determina- 
tion of the relative amounts of hypoxanthine and 
xanthine present, by measurements of change of 
O.D. at 244 my, the isosbestic point of xanthine and 
uric acid, were found to be unreliable when the 
molar ratio of total oxypurine to uric acid was less 
than 1:4. 

§ The authors are indebted to Dr. J. E. Seegmiller 
for a generous gift of xanthine oxidase. 
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Results. The plasma glutamine values are 
presented in Table I. By the enzymatic meth- 
od the normal range is 7.0 to 10.1 mg % with 
a mean of 8.9. By the acid hydrolysis meth- 
od (same plasma specimens) the normal 
range is 6.2 to 11.8 mg % with a mean of 9.5. 
In the patients with gout, the plasma gluta- 
mine content as determined by the gluta- 
minase method ranged from 6.8 to 9.8 mg %, 
with a mean of 8.4, and as determined by the 
acid hydrolysis method ranged from 7.0 to 
10.9 with a mean of 8.6. Satisfactory agree- 
ment is apparent between the ranges and 
means for both methods within the 2 sub- 
ject groups although there was imperfect cor- 
relation between results of the two methods 
carried out on the same plasma sample. It is 
clear that by these 2 technics there was no 
difference between the values for plasma 
glutamine content in control and gouty sub- 
jects. The normal values herein reported are 
in agreement with those previously obtained 
with a variety of technics(4,15-19), although 
somewhat higher than those recorded by 
Krebs(20). 

The “plasma blanks” apparently do not 
indicate plasma ammonia content. Several 
investigators have pointed out that there is 
no true ammonia in fresh normal plasma, the 
apparent ammonia reflecting ammonia _ re- 
leased from constituents of blood on standing 
(21,22). The ranges and mean values of 
plasma blanks expressed as NH3-N were not 
significantly different in the control and gouty 
subjects, although the two technics gave dif- 
ferent values (see Table 1). The high blanks 
by the acid hydrolysis method probably re- 
flect the increased liberation of NH» in the 
trichloroacetic acid media. The plasma 
blanks obtained by the enzymatic method in 
both control and gouty subjects are in com- 
plete agreement with normal values reported 
by Seegmiller, Schwartz, and Davidson(6). 

Table I also presents the serum uric acid 
and oxypurine levels. In the control subjects, 
the uric acid levels ranged from 3.5 to 5.9 
mg %, with a mean of 5.1; in the gouty sub- 
jects the uric acid levels ranged from 6.8 to 
10.8%, except for one value of 4.4 mg % in 
a patient receiving probenecid. 

Plasma oxypurine values ranged from 0 to 
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TABLE I. Plasma Glutamine, Urie Acid, and Oxypurine Levels. 


-—Glutaminase hydrolysis— ——Acid hydrolysis—, 


Subject, age, NH,-N, Glutamine, NH,-N, Glutamine, Urie acid, Oxypurine, 
clinical status ue /ml plasma mg % ug/ml plasma mg % mg % mg % 
I. Controls 
4,21 yr 1.5 7.0 5.0 09 
Ay ed 1.2 9.0 . rf: 
6,30 1.6 9.3 5.8 ee 
Q, 53 © Oi 4.6 on 
9, 28 let 8.9 5.9 6.2 3.5 .23 
6,28 1.0 10.1 6.4 9.5 4.8 
ONT 1.8 a 6.9 iL 5.9 .00 
yee il 9.6 ee sah 5.3 .00 
23 1.0 8.4 2. : 
5 29 9 9.6 5.8 14 
Range .7-1.8 7.0-10.1 2.66.9 6.2-11.8 3.5-5.9 00-.25 
Avg 1.2 8.9 5.7 9.5 5.1 13 
II. Gout (all ¢) 
48,10 yri,t,¢ 1.5 Ost 8.1 28 
52,16 yri, t, p 8 9.8 5.7 7.0 6.9 .03 
54, 20 yri, no t, no eat 8.2 4.9 8.4 6.8 Ses 
x 
49,4 moi, not, pr 2.2 7.8 4.4 10.9 6307 
62, 12 yri, t, ¢ 1.0 eo 5.6 7.0 8.0 25 
Oe LOnya art ne) 1G 8.3 2.3 9.6 10.8 whi 
50, 5 yri,no t,no Rx eal 9.6 8.8 .20 
52, 10 yr, 1 wk after 1.4 7.9 4.4% 42 
acute attack ; 
no t, pr, & 
08, 16 yr acute at- 2.0 6.8 7.5 17 
tack, t, no Rx 
51, 3 yr acute at- 1.0 7.5 oan alt 
tack, no t, no Rx 
Range .8—2,.2 6.8-9.8 2.3-5.7 7.0-10.9 6.8-10.8* —§ .03=.42 
Avg 1.3 8.4 4.6 8.6 8.3* sil) 


* Omitting subjects who were taking probenecid. 
1 = intercritical; t =tophi; ¢ = colchicine; p = 


.25 mg % in 7 control subjects with a mean 
of .13, and from .03 to .42 mg % in 9 gouty 
subjects with a mean of .19 mg %. No ap- 
parent correlation was found between gluta- 
mine, oxypurine, and uric acid levels in either 
group. 

Discussion. Using an acid hydrolysis meth- 
od for determining blood glutamine levels, 
Orstrom and Orstrom(4) found values in 15 
control subjects ranging from 7.4 to 14.1 mg 
%, with a mean of 9.95 mg %. These values 
are comparable to those reported for control 
subjects in the present study, as determined 
both by acid hydrolysis and glutaminase 
methods. The same investigators reported 
blood glutamine levels in 8 gouty subjects, 2 
of whom were in an acute attack, ranging 
from 0 to 3.1 mg %, with a mean of 1.4 
mg %. In the present study, the plasma 
glutamine levels in 10 gouty subjects repre- 


phenylbutazone; pr = probenecid. 


senting various stages of the disease were 
normal by both analytical methods employed. 

In the normal subjects studied by Orstrém 
and Orstrom, oxypurine levels were observed 
ranging from 0 to 1.5 mg %, with a mean of 
4 mg % (expressed as hypoxanthine). In 
their gouty patients, levels of 8.3 to 15.0 
mg % were recorded, with a mean of 10.5 
mg %. The method employed was not highly 
specific, depending on a measurement of oxy- 
gen consumption when xanthine oxidase was 
added to blood. Wolfson and Cohn(23) 
found a range of oxypurine levels of 0.2 to 
0.6 mg % in normal subjects, employing a 
combination of xanthine oxidase incubation 
and a colorimetric estimation of the increment 
of urate thus produced. In 7 of 9 gouty sub- 
jects, levels of 0.0 mg % were recorded at 
least once, but 7 of this group also had ele- 
vated oxypurine levels on at least one occa- 
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sion. Values of 0.8 to 3.8 mg % followed 
adrenocorticotropin administration in 6, and 
one of 3.8 mg % was noted shortly after re- 
covery from an acute attack in the remaining 
subject. 

In the control subjects of the present study 
“oxypurine levels ranged from 0 to 0.25 mg %. 
Results in the gouty subjects were within this 
range in 7 instances, and greater than 0.25 
mg % in only 2 cases. The highest value, 
0.42 mg %, was found in a patient 3 days 
after cessation of acute gout. Although the 
highly specific oxypurine method employed 
has yielded values lower than those of Wolf- 
son and Cohn, the results are in general agree- 
ment with their findings that patients with 
gout may on occasion show increased serum 
oxypurine levels. Neither their results nor 
ours are in agreement with those of Orstrém 
and Orstrom regarding the magnitude of these 
increases. 

Overproduction of uric acid has been dem- 
onstrated in certain gouty subjects by means 
of studies of the rate of incorporation of la- 
beled glycine into uric acid(24). It is pos- 
sible that an overproducer of uric acid would 
also show a low serum glutamine level due to 
increased utilization of glutamine in purine 
synthesis, and a high serum oxypurine level. 
However, Subject 7, who excreted 822 mg of 
uric acid per day while on a low purine diet, 
had normal levels of both glutamine and oxy- 
purine in plasma. 

Summary. Plasma glutamine and oxypur- 
ine levels were studied in a group of 10 con- 
trol and 10 gouty subjects. No differences 
could be observed in the plasma glutamine 
content between the 2 groups. Plasma oxy- 
purine level was clearly elevated in only one 
gouty subject. This study fails to confirm a 
previous report of abnormally low levels of 
glutamine and markedly high levels of oxy- 
purines in blood of patients with gout. 
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Immediate Uricosuric Effect of Probenecid in Normal Humans. 


CHARLES BISHOP AND WILLIAM PFAFF. 


(21584) 


(Introduced by Fred R. Griffith, Jr.) 


From Chronic Disease Research Institute, University of Buffalo Medical School, Buffalo, N. Y. 


In an earlier study from this Institute it 
was shown that the drugs, probenecid (Bene- 
mid),* and phenylbutazone (Butazolidin) ,t 
exerted uricosuric action only in patients with 
gout, and not in patients with rheumatoid 
arthritis(1). A later study using N!’° uric 
acid(2) demonstrated that both drugs were 
effective in decreasing the uric acid pool size, 
increasing the uric acid turnover rate, and de- 
creasing the serum urate level in patients with 
rheumatoid arthritis whose body “stores” of 
urate were within normal limits. Similar but 
less striking effects were noted in gouty pa- 
tients and patients with rheumatoid arthritis 
who had an elevated serum urate level and an 
increased uric acid pool size. Since the sub- 
jects with normal urate stores appeared to 
lose urate as judged by their pool sizes and 
serum urate levels, and since this “extra” 
urate did not appear in the urine, it became of 
interest to know what happened to it. One 
must now recall that the test periods for the 
previous two studies were of one to two weeks 
duration, the means of such periods being 
compared, using the t test to point out sig- 
nificant differences. It was apparent that the 
experimental design of the previous studies 
would demonstrate more permanent drug ef- 
fects but might tend to conceal transient ef- 
fects. An experimental design was then 
evolved which would show what happened to 
uric acid excretion in the first few hours and 
the first 2 days after probenecid administra- 
tion. The results show that in normal individ- 
uals there is a prompt outpouring of ‘“‘extra”’ 
uric acid into the urine and that the quantity 
excreted within the first day may easily ac- 
count for the amount lost from the body pool 
and serum urate. Presumably after that the 
rate of excretion approaches normal again 


* p(di-n-propylsulfamyl) benzoic acid, kindly sup- 
plied through the courtesy of Sharp and Dohme, 
Philadelphia, Pa. 

+ 3,5 dioxo-1, 2 - diphenyl - 4 -n- butyl pyrazoli- 
dine, Geigy Pharmaceuticals Division of Geigy Co. 
Inc., New York City. 


since equilibrium of production and disposal 
must again obtain. In this way no long term 
uricosuric effect will be noted. 


Methods. Two healthy normal male lab- 
oratory workers in the 3rd and 4th decades 
were the experimental subjects. In order to 
minimize variations of uric acid excretion 
caused by the ingestion of food, a standard 
regimen was ingested each hour beginning at 
the hour of arising and continuing throughout 
the day. Supper was allowed ad libitum. 
The hourly feeding consisted of 2 crackers, 
7.5 g cheese, 2 small sugar wafers, and 80 ml 
homogenized fresh milk, the total being 
equivalent to 150 calories. The subjects 
voided just before each feeding and drank 
extra water to insure a sufficient urine volume 
(preferably about 100 ml/hr). The uric acid 
concentrations of each urine sample were de- 
termined by the enzymatic spectrophoto- 
metric method of Praetorius(3). The first i 


TABLE I. Rate of Urinary Urie Acid Exeretion 
(mg/min.) before and after Ingestion of Probene- 
cid in Normal Male (W.P.). 


-——— Control ——, -— Probenecid —, 
Day 1, Day. 2, Day 3,t Day 4,t 
Period mg/min. mg/min. mg/min. mg/min. 
afte SAE 444 ( .482)¢ 860 
2 560 SSG 1.297 ia eezal 
3 eon 508 1.794 .795 
+ apP7s) A76 1.612 .790 
5 — 436 1.345 
6 A07 1.182 
‘if OS 1.238 
Mean 489 476 1.408 892 
Stand. dev. .082 .037 242 156 
Combined 483 
mean 
Combined .063 


stand. dev. 


at 7:45 A.M., first urine collected at 10:45. On 
day 4, first feeding at 9 A.M., first urine collected 
ab 11 ASM: 

tOn day 3, probenecid at 10:50 A.M., 4 and 
8:30 P.M.; on day 4, at 9 A.M., 2:30 and 6 P.M. 
_+ The value must not be included in the mean 
since the first dose of probenecid was administered 
just after it. 
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TABLE IT. Rate of Urinary Uric Acid Excretion 
(mg/min.) before and after Ingestion of Probene- 
cid in Normal Male (C.B.). 


Control -— Probenecid —, 


, Day 1, Day 2, Day 3,t Day 4,t 
Period mg/min. mg/min. mg/min. mg/min. 
als 640) 373 546 SUE 
2 53 450 1.480 725 
3 585 394 1.580 552 
+ 038 452 1.391 O95 
5 510 362 1.266 
6 472 1.288 
df 350) 
Mean 518 06 1.258 662 
Stand. dev. .092 043 368 106 
Combined AT2, 
mean 
Combined 092 


stand, dey. 


* First feeding at 7 A.M., first urine collected ut 
10 A.M. 

+ On day 3 probenecid at 9 A.M., 12:30, and 6 
P.M.; on day 4, at 7 A.M., 12, and 6 P.M. 


or 2 hourly samples of each day were dis- 
carded in order to allow equilibrium to obtain. 
The first 2 of 4 successive days were the con- 
trol days. On the third day each subject in- 
gested 3 x 0.5 g probenecid, the first dose be- 
ing taken just before (C.B.), or just after 
(W.P.) the first urine sample that was saved. 
On the fourth day the regimen of the previous 
day was followed but by this time the sub- 
jects had of course been on probenecid for 
nearly 24 hours and the object was to observe 
the continued effect of the drug. 

Results. The rates of excretion of urinary 
uric acid for all the periods are shown in 
Tables I and II. It is obvious that probenecid 
causes a prompt increase in urate excretion 
when it is taken the first day. Its effect in 
the second day is less marked. To quantitate 
this effect, t tests(4) were performed on the 
combined control periods (Days 1 + 2) as 
against Day 3 or 4. Day 3 was also tested 
against Day 4. The results are shown in 
‘Pable If. 

It seems quite apparent that probenecid 
causes a prompt outpouring of urinary uric 
acid even in the normal subject who has no 
unusual uric acid stores. It is known from 
‘the work of Sirota e¢ al.(5) that probenecid 
markedly increases urate clearance in the 
gouty subject. In the present study urate 
clearances were performed in the 3rd day of 
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probenecid administration and were found to 
be markedly elevated over the control clear- 
ances (control urate/inulin clearances about 
10%, after probenecid, over 40%). 

Discussion. In one of the previous studies 
(2) it was shown that probenecid caused the 
uric acid pool size to decrease to about half its 
control value in two patients with rheumatoid 
arthritis who had normal body stores of uric 
acid. On the assumption that a similar effect 
might occur with the two normal subjects in 
the present study, an arbitrary calculation was 
performed to see how long it would take to 
excrete such an amount of uric acid. If one 
assumes that a normal uric acid pool size for 
males is around 1000 mg, then to reduce this 
to half its size would require the excretion of 
500 mg of “extra” uric acid. For Subject 
W.P., the mean excretion in the combined 
control periods was .483 mg/min. In the first 
day of probenecid, the mean excretion was 
1.408 mg/min. If, for the sake of calcula- 
tion, one assumes that the difference between 
the two represents the rate of excretion of 
“extra” uric acid, then it would take 

500 mg 

(1.408 — .483) mg/min. 
to reduce the uric acid pool size to half its 
value under these conditions. Similar calcula- 
tions for Subject C.B. give the value of 636 
min. (10.1 hr). A factor which complicates 
any calculations of this type is that in the 
normal subject only about 75% of the body 
uric acid turned over is excreted in the urine 
(6). Our experience suggests that this figure 
may increase after a uricosuric agent such as 
probenecid because the uric acid has less op- 
portunity to be lost through competing routes 
of disposal. 

One may tentatively conclude from the 3 
papers in this series that uricosuric agents 


= 541 min. (9.0 hr) 


TABLE III. Result of t Tests on Urinary Uric 
Acid Exeretion before and after Probenecid Ad- 
. ministration. 


p value 


Subject Subject 
Periods tested Wosbee Gabe 
Control vs. Ist pr day* <0.5 <0.5 
af 2S DENG I V3) <0.5 
Ist pr day vs. 2nd pr day 1>p>0.5 Ea eM 


* pr day = probenecid day. 
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which presumably act by decreasing tubular 
resorption of urate can induce a brief uri- 
cosuria in humans with no urate stores (solid 
phase urate) but that this uricosuria will be 
self-limiting because an equilibrium between 
urate production and excretion must be re- 
established, although at a lower serum urate 
level. The uricosuria can persist in patients 
who have urate deposits to draw upon. This 
simplified explanation ignores more compli- 
‘cated shifts in equilibria. 


Summary. Urinary uric acid output of 2 
healthy male subjects on an hourly feeding 
regimen was markedly increased on the first 
day of probenecid ingestion. The amount of 
uric acid excreted the second day of probene- 
cid administration was greater than normal 
but not as great as on the first day. This is 
in contrast to the previous finding that pa- 
tients with normal amounts of body urate do 


HAMSTER ADRENAL AND STARVATION 


not show a long term uricosuria after probene- 
cid or phenylbutazone. It is suggested that 
these drugs induce uricosuria in all cases but 
that this uricosuria is self-limiting in subjects 
with no body stores of urate since equilibrium 
between urate production and disposal must 
be re-established. 
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{nfluence of DCA and Cortisone on Adrenal Glands of Fed and Acutely 


Starved Hamsters. 


Kart M. KNIGGE. 


(21585) 


(Introduced by J. C. Donaldson.) 


From the Department of Anatomy, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 


As in many species, adrenal glands of the 
hamster atrophy after hypophysectomy(1) 
and after administration of desoxycorticos- 
terone acetate(2), while after acute starva- 
tion(3) and exposure to cold(4) they exhibit 
histological evidence of increased secretory 
activity. In contrast to almost all other spe- 
cies, cortical cells in the zona fasciculata of 
the normal gland of the hamster contain only 
traces of sudanophilic lipid or cholesterol (1, 
5-7). Formalin-fixed frozen sections exhibit 
positive tests with several aldehyde or car- 
bonyl reagents, but the reactive material is 
not extracted with fat solvents. A second 
unique feature of the hamster adrenal is that 
cells of the zona glomerulosa normally con- 
tain droplets of fat believed to be’a free (non- 
protein bound) phospholipid(1). Several as- 
pects of adrenal physiology in the hamster, in- 
cluding sodium and potassium levels after 


adrenalectomy (8,9) and the autonomy of the 
zona glomerulosa(2), appear to be signifi- 
cantly different from those observed in other 
animals(9-12). 

Because exogenously administered desoxy- 
corticosterone acetate (DCA) results in com- 
pensatory adrenal atrophy, the current ex- 
periment was undertaken to determine wheth- 


‘er DCA or cortisone acetate can produce 


adrenal involution in acutely starved ham- 
sters. 
Material and methods. Male hamsters, 95- 
105 g initial body weight, were divided into 
the following groups: (A) control animals, 
fed ad libitum on Purina Laboratory Chow; 
(B) animals deprived of all nutriment, except 
water, until they lost 25-30% of initial body 
weight; (C) fed and acutely starved hamsters 
given daily subcutaneous injections of vary- 
ing amounts of DCA (Percorten, Ciba) or 
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TABLE I. Influence of DCA and Cortisone Acetate on Body and Organ Weights of Fed and Acutely 
Starved Male Hamsters. 


a ———— eee —— 
C—O 
— $e 


No. of _-——Body, g 


Group hamsters Initial 


| 
pe 
B 
<) 
i 


Organs, mg 


Adrenals Thymus Spleen Heart Kidneys 
ur 18 95.8+3t 97344 2424+ 8 65545 114 +5 356412 789+10 
S 10 105342 77.952 22.44 4 18:66 3 84.0+3 853+14 748412 
Fed + 2mg DCA 8 97544 990+4 17.84 .8 — — — — 

Mbps. On nie DCA 9 1038442 105244 15.5+1.1 572+4 102 +2 412+12 1362 + 32 
S +5 i DCA 12 97.243 72345 23.34 07 25.344 80.543 271411 1067 + 24 
Fed + 5 s CA* 7 984-4 872+5 240+41.0 20.7 +4 387.0+2 4444 8 1333 + 28 

+10 2 CA 8 99.043 874+3 2134+ 9 35+ .8 37.741 448410 1281 + 37 
s + 5 CA 10 1005+5 65.845 23.0 +1.1 0 iafidifam eh avibier [8 Yiey/ me {S 
Se Oy 7 CA 10 108 1+2 72.543 22.9 +1.0 0 40:02 2 Rod dect | Oe ODIs 


*C= Control; S=Starved; CA — Cortisone acetate. 


cortisone acetate (Cortone, Merck);* the 
hormones were administered in divided doses 
for the same number of days as required for 
untreated, starved animals to lose 25-30% of 
body weight (7-8 days). At autopsy, 
adrenals, thymus, spleen, heart and kidneys 
were weighed. Adrenals were prepared for 
histological examination by several methods, 
described elsewhere in detail(1,2) to demon- 
strate mitochondria, alkaline phosphatase and 
esterase enzyme activity, sudanophilic and 
osmiophilic lipids, cholesterol and aldehydes. 

Results. Body and organ weights. Admin- 
istration of 5 or 10 mg cortisone acetate daily 
for 7 days causes fed hamsters to lose 11% 
body weight, while DCA in doses up to 5 mg/ 
day does not affect body weight (Table I). 
Doses of DCA greater than 5 mg/day are not 
well tolerated by hamsters, the animals be- 
coming moribund and dying in 5-6 days. 
Adrenal weight in DCA-treated hamsters is 
reduced approximately 35%, while that of 
cortisone acetate-treated animals is not 
altered significantly. Body weight of ham- 
sters acutely starved for 7-8 days declines an 
average of 26%, while their adrenal weight 
decreases only slightly. Administration of 10 
mg of cortisone acetate or 5 mg of DCA dur- 
ing the period of starvation does not reduce 
adrenal weight more than occurs in untreated, 
starved animals. Cortisone acetate reduces 
strikingly the weight of thymus and spleen, 
an effect noted in other species also(13-14). 
DCA increases the weight of kidneys in both 


* The author wishes to thank Doctor Robert Gaunt 
of the Ciba Pharmaceutical Co. for the desoxycorti- 
costerone acetate and Doctor Harry Robinson of 
Merck and Co. for the cortisone acetate. 


+ Mean + Rand dev. 


fed and starved hamsters, while cortisone ace- 
tate appears to exert notable renotropic ef- 
fects only in fed animals (Table I). 

Effect of acute starvation on adrenal cortex. 
Size of cell clusters as well as size of individ- 
ual cells of the zona glomerulosa are reduced, 
while the number of glomerulosal lipid drop- 
lets is increased markedly compared to sec- 
tions of normal adrenals. Mitochondria in 
cells of this zone increase in size and stain 
more intensely than normal (Fig. 1, 4). Alka- 
line phosphatase and esterase activity are not 
altered notably. Cells of the zona fasciculata 
are somewhat smaller after acute starvation, 
while their mitochondria are likewise in- 
creased in size. Lipid droplets, histochemi- 
cally similar to those in the zona glomerulosa, 
are present in almost all cells of the zona fas- 
ciculata (Fig. 4). 

Effect of DCA and cortisone on adrenal 
cortex of fed hamsters. The zona glomerulosa 
in adrenals of DCA-treated animals is not af- 
fected significantly, appearing normal with 
respect to size of its constituent cells, number 
and distribution of lipid droplets, and degree 
of phosphatase and esterase activity. Cells 
of the zona fasciculata are reduced in size and 
exhibit marked reductions in enzyme activity. 
In mitochondrial preparations, fasciculata 
cells are filled with large, unique mitochon- 
dria-like bodies (liposomes), similar to those 
appearing in fasciculata cells of adrenals of 
hypophysectomized hamsters(1). 

Cortisone acetate, in doses up to 10 mg/ 
day, produces changes in adrenal cytology 
significantly different from those observed 
after DCA. In the zona glomerulosa, the 
most conspicuous effect is a marked increase 
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FIG. 1-6. Hamster adrenal cortex, fixed in Regaud’s fluid 
iron hematoxylin. 650. 


sectioned at 4 « and stained with 


FIG. 1. Control, Because of differences in st 
fasciculata is demareated sharply from the 

FIG. 2. Bed a9 mg DCA. The 
are reduced in size and their mitoe 

BIG, 3. Fede 16 mg cortisone, 
Starvation (Fig, 4), 


aining intensity of the mitochondria, the zona 
zona glomerulosa, 


glomerulosa is not affected, 
hondria are altered, 
Cytological changes 


Cells of the zona fasciculata 


are similar to those produced by acute 
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FIG. 4. Starved. 


SPO! 


Glomerulosal cells exhibit increased vacuolation and the zona stains 


darker because mitochondria are more prominent. Vacuoles are present in fasciculata cells and 


their mitochondria are larger than normal. 
FIG. 5. 
duced by starvation. 


Starved + 5 mg DCA. This hormone does not alter significantly the changes pro- 


FIG. 6. Starved + 10 mg cortisone. Vacuolation of fasciculata cells appears more marked 


than is produced by starvation alone. 


in number of lipid droplets (Fig. 3). Size of 
glomerulosal cells, enzyme activity, and tests 
for lipids are not altered notably. Cells of 
the zona fasciculata appear slightly smaller, 
their mitochondria are larger than normal, 
and their cytoplasm contains lipid droplets 
similar to those present in adrenals of starved 
animals. 

Effect of DCA and cortisone on adrenal 
cortex of starved hamsters. The cytological 
and histochemical changes produced by acute 
starvation are not altered significantly by 
daily administration of either 5 mg of DCA 
or 5 mg of cortisone acetate (Fig. 5). In ani- 
mals given 10 mg cortisone acetate, the num- 
ber of lipid driplets in fasciculata cells is 
greater than that observed in adrenals of un- 
treated, starved animals (Fig. 4, 6). Phos- 


phatase and esterase activity appear reduced _ 


somewhat because of this marked vacuola- 
tion. 

Discussion. In the fed hamster, compensa- 
tory adrenal atrophy, as judged by changes 
in adrenal weight and cytology, is not pro- 
duced readily by administration of cortisone 
acetate in doses which reduce markedly 
lymphoid tissue and which’ cause loss of body 
weight. In contrast, DCA is effective in pro- 
ducing reduction in adrenal weight and cyto- 
logical changes similar to those resulting from 
hypophysectomy. 

Acute starvation is generally considered as 
a stressful condition in which an adrenal re- 
sponse is evoked leading to increased secre- 
tion of adrenocortical hormones. Cytological 
changes observed in adrenals of acutely 
starved hamsters are considered to reflect in- 
creased secretory activity. This view is 
strengthened by current observations that, 


whereas DCA readily produces adrenal in- 
volution in fed hamsters, doses of this hor- 
mone up to 5 mg/day do not lead to com- 
pensatory atrophy in starved hamsters, and 
furthermore, do not alter significantly the 
signs of hyperactivity noted in these glands. 

Summary. Compensatory adrenal atrophy 
is produced readily in fed hamsters by DCA 
(2-5 mg), whereas cortisone acetate (5-10 
mg) does not affect adrenal weight signifi- 
cantly. The cytological changes observed in 
adrenals of fed animals after cortisone acetate 
administration are similar to those found in 
adrenals of acutely starved hamsters. Neither 
DCA nor cortisone acetate alter significantly 


the adrenal changes produced by acute 
starvation. 
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Induction and Inhibition of Adaptive Enzyme Formation in a 


Phytoflagellate.* 


VINCENT P. CIRILLO. 


(21586) 


(Introduced by Joseph B. Goldsmith. ) 


from Department of Preventive Medicine and Public Health, University of Oklahoma School of 
Medicine, Oklahoma City. 


In a previous study of the adaptive utiliza- 
tion of 4 and 6 carbon fatty acids for growth 
and respiration in the phytoflagellate, Poly- 
toma uvella strain 1,t it was shown that adap- 
tation occurred in non-proliferating cell sus- 
pensions(1). The adaptation, therefore, was 
not dependent upon the development or selec- 
tion of mutants. In non-proliferating cell sus- 
pensions an exogenous nitrogen source (NH4 
Cl) was required, and the rate and final level 
of adaptation was quantitatively dependent 
upon the concentration of exogenous nitrogen 
(2). The fact that non-proliferating cells can 
adapt to fatty acid (oxidative) utilization, 
coupled with the absolute nitrogen require- 
ment, indicated that the adaptation resulted 
from the induction of adaptive enzyme syn- 
thesis. This observation would extend the 
occurrence of this adaptive mechanism to 
another group of microorganisms in which it 
had not yet been demonstrated (3). 

Ultraviolet irradiation, at appropriate in- 
tensities, has been shown to inhibit selectively 
the induction of enzymatic biosynthesis with- 
out affecting the activity of pre-existing en- 
zymes(4,5). The present report describes the 
selective inhibition by ultraviolet irradiation 
of the induced synthesis of the butyric acid 
oxidase system in non-proliferating suspen- 
sions of P. uvella, strain 1. 

Materials and methods. To study the 
adaptation to butyric acid oxidation, the cells 
were grown at 30°C on an acetate medium 
(modified from(6)) of the following com- 
position: a. Buffered salt base: Ethylene dia- 
mine tetraacetic acid (0.01 g), KsHPO, 
(0.004 g), MgsO, OO) (0.016 g), ZnSOx4 3 


* This investigation supported, in part, from Re- 
search Committee of University of Oklahoma School 
of Medicine. 

t Polytoma is a colorless (non-photosynthetic) 
flagellate classified both as member of Order Volvo- 
cales in Chlorophyceae and Order Phytomonadida 
of Class Phytomastigida by phycologists and pro- 
tozoologists, respectively. 


7H20 (0.022 mg), CaCle (0.006 mg), H3BOs3 
(0.012 mg), MnSO, * 4H:O (0.005 mg), 
FeSO, S 7H2O (0.004 mg), NazMo0, : 2H20O 
(0.0015 mg), CuSO,* 5H2O (0.0013 mg), 
CoSO,* 7H2O0 (0.002 mg), Tris (hydroxy- 
methyl) aminomethane (0.121 g); distilled 
water 100 ml; pH 8. b. Substrate: NaAce- 
tate-3H,O (0.02 M) and c. Nitrogen source: 
NH,Cl (50 mg). A 24 hour culture of ace- 
tate grown cells (in the logarithmic phase) 
was concentrated, washed by centrifugation 
and suspended in the buffered salt base of 
the growth medium. The suspensions were 
placed in standard, two-side-arm, 15 ml War- 
burg vessels (final volume 3.0 ml). Oxygen 
consumption was measured at 30°C with 
20% KOH in the center well. Substrates and 
nitrogen source were placed in the side-arms, 
and added to the main chamber at zero time 
(after a 10 minute equilibration period). In 
irradiation studies, the cells to be irradiated 
were placed in petri dishes, suspended in the 
buffered salt base, and exposed to irradiation 
from an Ultra-Violet Products Inc., Mineral 


50mg °—~ Acetate Oxidation 
% s+ Endogenous Respiration 
*— Butyrate Oxidation 
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FIG. 1. Effect of exogenous nitrogen on butyrate 
adaptation. Concentration of NH,Cl is shown for 
each curve. 
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Light set at a 20 cm distance above the cells 
(principal wavelength at 2540 mu). After 
irradiation, the irradiated cells and the non- 
irradiated controls were added to Warburg 
flasks, and oxygen consumption was measured 
as before, except that irradiated cells were 
handled in dim light to minimize the possi- 
bility of photoreactivation. 


Results. Adaptation to butyric acid oxida- 
tion by acetate grown cells does not occur in 
the absence of exogenous nitrogen, so that 
the pre-adaptive level of oxidation does not 
increase above the initial rate (Fig. 1). A 
concentration of 50 mg % NH,Cl permits a 
600% increase in the rate of butyric acid oxi- 
dation in 6 hours (Fig. 1). That this occurs 
without cellular proliferation was shown by 
direct cell counts before and after each ex- 
periment. However, in the presence of an 
exogenous nitrogen source, an increase in cell 
mass would be expected to occur even in the 
absence of cell division. The extent of cellu- 
lar increase could be measured by the increase 
in activity of constitutive enzymes. Since 
Polytoma is a member of the ‘‘acetate flagel- 
lates” which utilize acetate preferentially and 
constitutively(6), acetate oxidase activity 
should be a faithful index of the increase in 
cell mass in the absence of cellular prolifera- 
tion. During intervals of observation of from 
6 to 8 hours, the rate of acetate oxidation does 


4 
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FIG. 2. Effect of ultraviolet irradiation on oxi- 

dative of acetate and adaptation to butyrate. 

Irradiation time, in see, is shown for each curve. 
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FIG. 3. Differential inhibition by ultraviolet ir- 
radiation of butyrate adaptation and viability. 
Abscissa represents time of irradiation (in sec) 
and ordinate the rate of butyrate oxidation as 
compared with non-irradiated control. 


not increase by more than 25% while the in- 
crease in butyric acid oxidation increases by 
600%. 

Ultraviolet irradiation at 30, 60, and 90 
seconds progressively inhibits butyrate adap- 
tation, the resulting inhibitions (measured as 
the oxidative rate on the adaptive substrate 
at the end of 4 hours) being 10% at 30 sec- 
onds, 67% at 60 seconds, and 99% at 90 sec- 
onds. These levels of irradiation do not af- 
fect the rate of acetate oxidation (Fig. 2). 

A comparison of the relative effect of ir- 
radiation on viability versus adaptation of 
the cells used in the previous experiment is 
shown in Fig. 3. The ability to dissociate 
viability from adaptation at low intensities of 
ultraviolet is in confirmation of previous 
studies with other microorganisms(5,7). 

Discussion. These data are presented to 
demonstrate the occurrence of induced adap- 
tive enzyme synthesis in the fatty acid metab- 
olism of a phytoflagellate. The occurrence 
of this adaptive mechanism is, therefore, ex- 
tended to still another taxonomic group of 
microorganisms. 

The ultraviolet data are pertinent in re- 
spect to the irradiation sensitivity of different 
levels of cellular activity. Ultraviolet  ir- 
radiation effectively separates viability, adap- 
tability (adaptive enzyme synthesis), and the 
enzymatic activity of constitutive enzymes 
which represent 3 progressively higher de- 
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grees of ultraviolet sensitivity. Ultraviolet 
intensities which markedly reduce viability 
affect adaptive enzyme synthesis only slight- 
ly, and have no effect on the oxidative activ- 
ity of constitutive enzymes (Fig. 2). Higher 
intensities (30 to 90 second exposures) pro- 
gressively reduce adaptive enzyme synthesis 
until it is inhibited completely without affect- 
ing constitutive enzyme activity. This pat- 
tern of progressive sensitivity of viability, 
adaptability and oxidative activity by con- 
stitutive enzymes, in that order, already has 
been reported for yeasts(7) and bacteria(5). 
The extent to which ultraviolet irradiation in- 
hibits adaptive enzyme synthesis by interfer- 
ing with nitrogen assimilation is sti!l under 
study. However, preliminary, unpublished 
data indicate that ultraviolet does not inter- 
fere with nitrogen assimilation at intensities 
which inhibit the induction of adaptive en- 
zyme synthesis. 

Summary. Induction of adaptive enzyme 
synthesis is described in a _ phytoflagellate. 
The adaptation has been shown to occur in 


Effect of Potassium Iodide on Plasma Cholesterol of Rats. 


Ricuarp S. HomMeEr,* 


non-proliferating cell suspensions, and it is 
also shown to be dependent upon an exo- 
genous source of nitrogen. The adaptive en- 
zyme synthesis is selectively inhibited by 
ultraviolet irradiation without affecting the 
activity of pre-existing enzymes. At low 
ultraviolet intensities viability and adapta- 
bility have been partially dissociated; adap- 
tation is only slightly inhibited while viability 
is reduced by 80%. 
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(Introduced by Meyer Friedman.) 


From Harold Brunn Institute, Mount Zion Hospital, San Francisco, Calif. 


Liebig(1) observed that administration of 
iodides (organic or inorganic) to cholesterol 
fed rabbits appeared to protect them against 
occurrence of atherosclerosis. This observa- 
tion has been confirmed by various observers 
(2), although there has been some disagree- 
ment(3). Whatever this mode of protection 
against atherosclerosis might be, it seems that 
relative protection of such rabbits against 
hypercholesteremia is one of the preventive 
factors(2,4). It is only fair to add that some 
workers have not found this hypercholester- 
emia protecting effect of iodides in rabbits 
(3,5). The possible critical importance of 


* Public Health Service Research Fellow, of Na- 
tional Heart Institute, National Institutes of Health. 
Aided by a grant from Life Insurance Medical Re- 
search Fund, 


dosage(6) may be the reason for these dis- 
crepancies. Moreover, this antihypercholes- 
teremic effect of KI could not be confirmed 
when chickens were used(7). 

Since there appear to be fundamental dif- 
ferences in cholesterol metabolism between 
rats and rabbits(8), it was decided to study 
the effect of KI on plasma cholesterol of rats 
under various conditions. As a preliminary 
step, we determined the effect of KI on plasma 
cholesterol of rats deprived of external sources 
of cholesterol. 


Methods. Male Long-Evans rats approxi- 
mately 12 weeks old were divided into 3 
groups and placed on fat and sterol-free diet 
for the duration of the experiment. After 24 
hours on this diet, all rats were bled from the 
tail for initial plasma cholesterol determina- 
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TABLE I. Effect of Tube Feeding KI, H.O and 
KCl upon Plasma Cholesterol of Rats on Sterol 
Free Diet. 


Ayg plasma cholesterol 
First day 


: pre-tube Third 
Material No. of feeding, day, 
fed rats Avgwt,g mg/100ce mg/100 ce 
Salis 25 230 48 92 
(180-260)% (383-67) (67-130) 
+ 2.18]|| + 3.45 
HOt 23 232 44 60 
(198-262) (20-65) (42-89) 
+ 2.43 + 2.53 
KClt 10 220 51 64 
(192-232) (87-59) (48-74) 
+ 2.93 + 2.81 
* Ki = 200 mg/day (1 cc), 3 days 


1 HO = 1 -ce/day,. 3 days. 

+ KCl= 200 mg/day (1 ee), 3 days. 
\ Range of values. 

|| Stand. error of mean. 


tion. Beginning that day and for 3 days, the 
rats were anesthetized and fed test materials 
by stomach tube. The experimental rats were 
fed 200 mg KI (200 mg/cc) daily; control 
rats received 1 cc H2O daily; and the third 
group received 200 mg KCl (200 mg/cc) 
daily. Three hours after the last tube feed- 
ing (third day), the rats were again bled for 
plasma cholesterol determination. 

Results. The change in plasma cholesterol 
concentration following tube feeding of the 
3 test materials is shown in Table I. Al- 
though plasma cholesterol concentration rose 
significantly in all 3 series, after feeding pe- 
riod of 3 days, plasma cholesterol rise in the 
series given KI was considerably greater than 
in the other 2 series. The series given HO 
exhibited about as great a rise (16 mg/100 
cc) as that observed in the series given KCl 
(13 mg/100 cc). The rise of plasma choles- 
terol observed in rats given KI was 44 mg/ 
100 cc. The difference in the rise of plasma 
cholesterol between rats given KI and either 
of the other two groups is statistically signifi- 
cant well beyond the 1% level. 

Discussion. It appears safe to conclude 
that the rise in plasma cholesterol following 
feeding of KI to rats, as described, is of such 
magnitude that iodide must be considered as 
an important hypercholesteremic agent. The 
slight rise in plasma cholesterol after admin- 
istration of either KCl or H2O alone is most 


355 


likely due to non-specific factors such as re- 
peated anesthesia, intubation, and dietary 
change rather than to substances fed. Turner 
also was unable to show any effect in rabbits 
with halides of potassium other than iodide. 
This seemingly paradoxical hypercholester- 
emic effect of KI is perhaps not too unexpect- 
ed in view of the fact that Turner and Bidwell 
(9) and Meeker, Kesten and Jobling(10) 
have demonstrated that administration of KI 
could maintain a hypercholesteremic state in 
hypercholesteremic rabbits, even after re- 
moval of dietary cholesterol. Although the 
actual mechanism by which iodides exert 
their effect is still unknown, many workers 
(2,3,6) have held that iodides produce their 
effect by altering thyroid function. On the 
other hand, other studies have shown that the 
effect of KI is unchanged in thyroidectomized 
rabbits(4,11). If the hypercholesteremic ef- 
fect of KI in the rat were due to its action on 
thyroid, then appropriate changes in hepatic 
synthesis, destruction and intestinal excretion 
of cholesterol, as found in deranged thyroid 
states(12), should also be found in KI fed 
rats. Such possible changes, together with 
possible alteration of the physical state of 
plasma cholesterol as observed after adminis- 
tration of Triton WR-1339(13) and cholic 
acid(14), are now under investigation. 


Summary. Evidence is presented which in- 
dicates that KI (200 mg/day for 3 days), 
when administered to rats on a sterol free 
diet, produces an hypercholesteremia of mod- 
erate degree. 
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Transintestinal Intubation: Technic for Measurement of Gut Length and 


Physiologic Sampling at Known Loci.* 


(21588) 


Davin H. BLANKENHORN, JULES HirscH, AND Epwarp H. AHRENS, JR. 
(Introduced by Vincent P. Dole.) 


From the Hospital of The Rockefeller Institute for Medical Research, New York City 


In a study of fat digestion in human sub- 
jects(1) it was considered desirable to sam- 
ple intestinal contents in a precise but more 
physiological manner than was feasible with 
existing technics. Current widespread use of 
plastic tubes for gavage feeding of premature 
infants and of comatose patients suggested 
that such tubing might be suitable for aspira- 
tion as well. Polyvinyl tubing, which is more 
flexible than polyethylene, proved ideal for 
our purpose. The present report describes an 
intubation technic which has permitted nu- 
merous aspirations at various known levels in 
the gastrointestinal tract of a given subject. 
The procedure is patterned upon the technic 
of van der Reis and Schembra(2), who passed 
rubber tubes through the entire intestinal 
tract of animals and human subjects for pur- 
poses of measuring gut length. In the pres- 
ent method intubation is accomplished with 
negligible discomfort to the patient and with 
no evidence of alteration in gastrointestinal 
morphology or function. 


Construction of Tube. The plastic tubingt 
is conveniently used in lengths of 10 m. One 
end of such a tube is doubled upon itself for 
2 cm and tied with 2 sutures (surgical silk, 
size 000). A rubber bag? secured proximal to 
this doubled end (Fig. la) will not slip off 


* The authors acknowledge exceedingly helpful 
roentgenologic advice of Drs. Ross Golden, Edith 
Quimby, John Evans, and John McClenahan. 

t Polyvinyl tubing, 2.1 mm OD, 1.5 mm ID, ac- 
cepts No. 14 needle. Pharmaseal Co., Glendale, Cal., 
No. EHR-11, available in 500 foot lengths or less. 


the tube. 1-2 ml of reagent grade mercury 
is injected into the balloon through a #25 
needle. To prevent trapping of gas in the 
balloon, several punctures of the balloon are 
made with a #25 needle, and the balloon tied 
on the tube over a #21 needle which is then 
withdrawn, as described by Cantor(3). All 


Qs 


LS —S FE 
€ 
FIG. 1. Technical details of construction of 
transintestinal tube. a) method of securing bal- 
loon to tube; b) steel adapters, with and without 
lumen; ¢) method of cutting holes in tube for 
aspiration; d) method of connecting tubes over 
adapters; e) marking segment containing knotted 
radio-opaque suture material. 


{Finger cot, or balloon for Miller-Abbott tube 
(No. P-9140, George P. Pilling and Son, Philadel- 
phia, Pa.) with distal hole closed by suture and bal- 
loon inverted. 


TRANSINTESTINAL INTUBATION 


air remaining in the balloon is then expelled 
by manual pressure. Successive lengths of 
tubing are connected by steel adapters (Fig. 
1b) over which tubing is secured with 2 silk 
sutures (Fig. 1d). Aspirating holes (2 mm) 
are cut in the tubing at any desired location 
by doubling the tube over and cutting off a 
small corner (Fig. lc). The marking segment 
referred to below is made from 2 steel adap- 
ters, 2 m of tubing, and radio-opaque suture 
materialS (Fig. le). A piece of this suture 
is sucked through the tubing by ordinary lab- 
oratory vacuum and is then used to pull into 
the tube a similar length of suture knotted at 
15-20 cm intervals. The ends of the segment 
are closed by means of adapters such that the 
knotted suture lies within the tube and firmly 
fixed at each end between the adapter and the 
tube. The tubing is fixed to each adapter 
with silk sutures. Passage of Tube. The 
mercury-filled bag is passed through either 
nostril into the stomach by the Cantor technic 
(3). Local analgesia and icing of the tube 
have been unnecessary, but lubrication with 
jelly is helpful. The remaining tube is coiled 
and placed in the breast pocket of the pa- 
tient’s pajamas and 7s not secured at the nose 
at any time. The patient remains ambulatory 
and is given an ordinary hospital diet of solid 
foods. No special measures have been needed 
to hasten the passage of the tube through the 
pylorus; this occurs shortly after the next 
meal or sooner. The mercury-filled bag is 
allowed to pass through the entire intestinal 
tract (2-6 days) and upon delivery at the 
anus is cut off leaving a short length of tube 
which is brought up between the buttocks and 
taped over the sacrum. It is common for a 
loop of tubing to be passed per rectum before 
the balloon itself; by gentle traction the extra 
tubing and balloon are readily delivered. Tub- 
ing passed with each bowel movement is cut 
off, and the tube to be taped to the patient is 
cleaned with soap and water or mineral oil. 
Patients are encouraged to shower or bathe 
each day; no special hygienic problems have 
arisen either in male or female subjects. 


§ Same as sutures in Ethicon Ray-tec x-ray detec- 
table sponges, Johnson and Johnson, Inc., New Bruns- 
wick, N. J. 
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Equilibration Period. Within 2 or 3 days 
after the passage of the balloon the length of 
tubing from nose to anus becomes fairly con- 
stant. In some patients transintestinal pas- 
sage of the mercury-filled balloon is accom- 
panied by considerable initial shortening of 
the gut upon the tube; after delivery of the 
balloon this shortening is spontaneously cor- 
rected by ingress of tube at the nose without 
comparable egress at the anus. In other pa- 
tients, particularly those who are constipated, 
several loops of tube may pass into the large 
bowel before the balloon end is delivered 
through the anus; thereafter, more tubing is 
passed per rectum than is taken in at the 
nose. The end of the equilibration period oc- 
curs when the internal length of tube remains 
constant within + 5% on 2-3 successive 
days. At that time withdrawal of 1 m of 
tube per rectum causes a comparable length 
to pass into the nose. This observation can 
be repeated several times in a day in order to 
establish completion of equilibration. Occa- 
sional patients complain of rectal discomfort 
during this maneuver, due to the pressure of 
fecal boli adherent to the tube; it can be pre- 
vented by a preliminary enema. Tubing 
passed or withdrawn per rectum has never 
been observed to re-enter the alimentary ca- 
nal. After equilibration the tube migrates 
through the intestine at a rate of 30-100 cm 
per day. Our subjects have been placed on 
complete liquid formula feeding by mouth as 
soon as the balloon has been passed per rec- 
tum. This dietary change serves 3 purposes: 
1) patients can be acclimated for several days 
to a dietary intake similar or identical to the 
test meal; 2) absence of grossly particulate 
foods permits representative samples of 
chyme to be aspirated rapidly despite the 
small size of the perforations and lumen of 
the tube; and 3) complete feeding can be ac- 
complished with a small number of well- 
defined food elements, thus greatly simplify- 
ing the chemical analysis of withdrawn sam- 
ples. Many considerations have, in fact, led 
us to the use of orally-fed liquid formulas for 
complete maintenance of patients under 
metabolic study; more than 50 patients have 
been so maintained for periods of 1-12 
months with no detectable impairment of 
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Ss fe i SEs = x Up 
FIG. 2. Location of anatomical landmarks by means of marking segment. a) Flat plate taken 


when adapter B reached nose showed marking segment in stomach and upper intestine with 

adapter A in jejunum. Arrow points at location of ligament of Treitz where jejunum becomes 

freely movable. b) Flat plate taken when adapter A appeared at anus showed marking segment 

in terminal ileum and colon, with adapter B in ileum, Arrow points at angulation of tube at 
ileo-cecal valve. 


health. Our technic of oral formula feeding 
has been described elsewhere (4). 


Location of Anatomical Landmarks. In or- 
der to place aspirating holes at known loci in 
the intestine, a method was developed for 
measuring in each patient the distances from 
nose to pylorus, to duodeno-jejunal junction 
(ligament of Treitz), to ileo-cecal valve and 
to anus. After the tube is passed per rectum 
and the period of equilibration completed, the 
tube is cut near the nose, and the marking 
segment described above is spliced into the 
gap. The first adapter of the marking seg- 
ment to pass into the nose is called adapter A 
and the second, adapter B. A record is made 
of 1) the length of the marking segment, 2) 
the length of the tube fastened to adapter B, 
and 3) the distances between knots in the 
radio-opaque suture within the marking seg- 
ment. The tube is then permitted to pass at 
its own rate into the gut. Two x-ray flat 
plates of the abdomen are taken, the first 
when adapter B is at the nose and the second 
when adapter A appears at the anus. The 2 
films will show the segment stretching from 
nose to upper jejunum and from lower ileum 


to anus, respectively. Fig. 2 illustrates 2 such 
flat plates in the same patient; the radio- 
opaque suture and its knots are clearly seen 
in the original x-rays. In Fig. 2a the distance 
from nose to adapter A was found to be 183 
cm by subtracting the length of tube outside 
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FIG. 3. Schematic representation of various ways 
in which transintestinal tube can be used for 
sampling intestinal contents. 


TRANSINTESTINAL INTUBATION 


359 


TABLE I. Clinical Data on 12 Adult Patients Subjected to Transintestinal Intubation. None 
had clinical or roentgenologic evidence of gastro-intestinal dysfunction. 
a 


Initial transit Total time 


ae é ae time, nose-to- intubated 
' Patient Age Sex Clinical diagnosis Clinical status anus (days) (days) 
il 29 3 Obesity Amt 3 10 
6 26 
> : : ; : 
2 45 3 Arteriosclerotic heart disease Am, 10 an 2 9 
3 37 fo) Chroni¢ anxiety state Am 6 18 
A: 54 & Arteriosclerotic heart disease Am, moderately 6 21 
severe an 
3) 53 3 y Am, no an 2 18 
S ; x ~ 
6 63 3 ¥ Am, no an 5 18 
7 37 Q Obesity Am 2 21 
8 2S Q 2? ” » 14 
3 17 
oe 74 3 Cerebral vascular accident, Hemiplegic, we 3 10 
old 
1LO* 78 3 Chronic pyelonephritis we 4 10 
Tele 42 é Subarachnoid hemorrhage, Bedfast 3 4 
recent 
12* 21 @ Infectious hepatitis tS 4 8 


* Patients 9-12 intubated by resident staff at Cincinnati General Hospital under supervision 


of first author. Other patients intubated at Rockefeller Institute Hospital. 
+ Am = ambulant; an = angina; we = wheel chair. 


the nose from the total length of tube at- 
tached to adapter A of the marking segment. 
The distance from adapter A to the ligament 
of Treitz was estimated to be 107 cm since 
this point was seen to be equidistant between 
knots known to be 97 and 117 cm from 
adapter A. Therefore, the distance from nose 
to ligament of Treitz was 183 — 107 or 76 cm. 
The distances from nose to pylorus (58 cm), 
to ileocecal valve (394 cm), and to anus (500 
cm) were derived similarly. From these data 
the lengths of the duodenum, jejuno-ileum, 
and large bowel were calculated. Sampling. 
When the anatomical landmarks have been 
identified as described, the tube is cut near 
the nose, a closed adapter is secured between 
the cut ends, and holes are cut at 0.5-1.0 cm 
intervals in the 10 cm segment following the 
closed adapter (Fig. 1d). The tube is allowed 
to migrate through the nose the calculated 
number of centimeters until the holes have 
reached the location in the gut where samp- 
ling is to be carried out. During sampling 
periods of 2-4 hours the tube is usually sta- 
tionary but may migrate as much as 30 cm. 
We have preferred to permit this movement 
rather than to incur the greater disadvantage 
of unphysiologic shortening of bowel upon a 
fixed tube. Samples of contents from the 


upper intestine have been obtained by simple 
siphonage at a rate of 1-200 ml per hour; 
10 ml of water is injected into the tube 
hanging free at the nose, and the water-filled 
tube is hung over the side of the bed or chair 
to the receiving flask at floor level. Occasion- 
ally it is more efficient to use a suction pump! 
at 70 or 100 mm of mercury pressure. Phar- 
maseal tubing does not collapse under this 
degree of negative pressure, nor under the 
pressures produced during vigorous syringe 
aspiration. The collection of chyme in poly- 
ethylene bottles’ immersed in dry ice and ace- 
tone in a wide-mouthed thermos insures in- 
hibition of enzymatic activity. Samples can 
be stored frozen until studied further. Sev- 
eral alternative sampling procedures have 
been used (Fig. 3). (A) With test formulas 
fed by mouth, the intestinal contents have 
been sampled at any desired point in the in- 
testine. Then, after permitting free migration 
of the tube, test feedings and aspirations have 
been repeated at lower intestinal levels. In 
one subject 6 samples were obtained over a 
4-day period at various points from duode- 


|| Gomco Surgical Manufacturing Corp., Buffalo, 
N. Y., thermotic drainage pump No. 763. 

f Arthur H. Thomas Co., Philadelphia, Pa., No. 
2205-A. 
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FIG. 4. Configuration of intestinal loops intubated with Miller-Abbott tube and polyvinyl tube 
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in 2 patients with normal intestinal tracts. Left—Miller-Abbott tube remained at ileo-cecal 
valve for 4 days without passing into colon; barium injected through tube fills the colon. 
Right—Polyvinyl tube through entire intestinal tract is filled with bariun. 


num to lower ileum. (B) The yield of sam- 
ple can be increased by aspirating intestinal 
contents simultaneously from both ends of 
the tube, since the rapidity of drainage is in- 
fluenced more by the frictional resistance of 
the tube than by the size and number of as- 
piration holes. (C) By incorporating a blind 
segment in the tube between 2 closed adapt- 
ers, with holes above and below this segment, 
aspirations have been made simultaneously 
at 2 points of known distance from each 
other. (D) With the same arrangement of 
tubing the test formula has been introduced 
through the upper holes while sampling was 
carried out from the lower holes. Conversely, 
reflux movement of intestinal contents can 
be studied by injecting formula through the 
lower holes while aspirating from the upper 
holes. It is possible that the technic of land- 
mark-location combined with local injection 
of contrast medium would be useful in the 
roentgenologic localization of pathologic con- 
ditions of the intestine. 


Withdrawal of Tube. After completion of 
tests any tube remaining outside the nose is 
cut off close to the nostril. The transintes- 
tinal tube is allowed to migrate caudally until 
all of it has been passed per rectum. Passage 
of the tube can be hurried by repeated gentle 
traction on the anal end and by ingestion of 
solid foods. Limits of X-ray Irradiation. On 
the advice of radiologists we have limited the 
taking of abdominal flat plates in any given 
adult patient to 15 films over a 2-week period, 
with 35 by 43 cm (14” x 17”) plates exposed 
for 0.3-0.5 sec. at 65-90 kv., using a 1.0 mm 
aluminum filter. With our apparatus the pa- 
tient receives less than 2 r per film or 30 r 
per 2-week period. We have not found fluor- 
oscopy to be necessary or helpful in these 
studies. Precautions. Patients are advised to 
light cigarettes cautiously, because the poly- 
vinyl tubing can be made to burn in a direct 
flame. Tubes must be tied securely over the 
adapters with surgical silk, square-knotted; 
such joints are as strong as.the tube itself. 
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Kinking and knotting of the tube in the large 
bowel has occurred rarely but does not pose 
a problem because of the pliability of the 
tube. We have not attempted transintestinal 
intubation in patients with esophageal varices 
or with known obstructive, ulcerative, or in- 
flammatory lesions of the alimentary canal. 

Results. Twelve adult patients have been 
intubated for periods varying from 4-26 days 
with a total of 204 man-days of intubation. 
Relevant clinical data are listed in Table I. 
There was no clinical or roentgenologic evi- 
dence of gastrointestinal dysfunction in any 
of the subjects. The procedure was well tol- 
erated in all cases. All complained of slight 
irritation in the intubated nostril and in the 
posterior pharynx for 2-3 days; this spon- 
taneously disappeared in all patients. Local 
medication with neosynephrine nose drops 
and with nupercaine lozenges was helpful dur- 
ing this period. Throat discomfort attribut- 
able to passage of adapters was prevented by 
spraying the throat with 1% pontocaine as 
the adapter approached the pharynx. On 2 
occasions nasal congestion necessitated chang- 
ing the tube from one nostril to the other. 
Patients became acclimated to the procedure 
very quickly, carried on their previous activi- 
ties, slept well, and maintained weight on 
their previous food intakes. Bowel move- 
ments occurred without change; stools were 
guaiac-negative. Nausea and vomiting, so 
frequently encountered during experimental 
procedures with other tubes, were completely 
absent. Although this clinical experience was 
devoted primarily to perfecting details of the 
intubation procedure, 25 aspirations of intes- 
tinal contents have been carried out satisfac- 
torily in 7 patients. Definition of the hydro- 
lytic products of triglyceride digestion in Pa- 
tients 1 and 2 have been published elsewhere 
(1). 

The configuration of the tube within the 
abdomen was demonstrated radiographically 
by injecting a thin suspension of barium 
through it or by using a tube fully lined by 
radio-opaque suture material. Fig. 4 con- 
trasts the large number of small loops taken 
by the plastic tubing with the relatively un- 
coiled inflexible appearance of a Miller-Ab- 
bott tube. When barium was swallowed in 


TABLE II. Intubation Data on 8 Patients with-Caleulated Lengths of Various Gut Segments. 
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order to delineate mucosal patterns around 
the plastic tube, normal radiologic appear- 
ance of the small bowel was found in the 5 
patients so examined. 

Lengths of various portions of the gut 
measured in 8 of the patients are listed in 
Table II. With this technic the ratio of nose- 
anus length to body height was about 2.5 to 
3.5, while the proportion of the gut repre- 
sented by the jejuno-ileum was slightly more 
than 50% of the total gut length. Day-to- 
day reproducibility of total gut length can 
be illustrated by measurements made in Pa- 
tients 1 and 8, in whom there was no manipu- 
lation of the tube for several successive days. 
In Patient 1 the nose-anus lengths were 465, 
492, 461, 442, 467, 442 and 477 cin; in Pa- 
tient 8, 424, 391, 414, 401, and 409 cm. 
Thus, the total gut length as measured in this 
manner varied by + 5% or less. The rela- 
tionship between the measurements shown in 
Table II and the true lengths of unintubated 
gut segments will be discussed in greater de- 
tail in a later report(5). 


Summary. A technic is described for 
sampling the contents of the intestinal tract 
in human subjects repeatedly and at various 
intestinal levels over a 1-2 week intubation 
period. Prolonged transintestinal intubation 
with polyvinyl tubing (2.1 mm OD) has been 
well tolerated, and sampling has been effected 
under conditions which closely approach the 
physiological state. A means of localizing the 
site of aspiration is described. Reproducible 
measurements of the length of the intestinal 
tract have been made in 8 adult patients. 
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Induction of Parotid Carcinomas and/or Subcutaneous Sarcomas in C3H 


Mice with Normal C3H Organ Extracts.* 


(21589) 


LUDWIK Gross. 


From the Cancer Research Unit, Veterans Administration Hospital, Bronx, New York City. 


Leukemia or parotid tumors (in a few in- 
stances subcutaneous sarcomas) could be in- 
duced following inoculation of centrifuged or 
filtered Ak leukemic or Ak normal tissue ex- 
tracts into newborn mice of the C3H strain 
(1-5). This report deals with experiments 
devised to recover the causative agents from 
induced leukemic or parotid tumors.  Fur- 
thermore, extracts from C3H embryos, nor- 
mal organs, also sterile broth and_physio- 
logical saline solution, were inoculated into 
newborn C3H mice. 

Materials and methods. Extracts of 20% 
concentration prepared with physiological 
saline solution(3-5) from leukemic organs, 


* Aided, in part, by grant from Damon Runyon 
Memorial Fund for Cancer Research. 


parotid tumors, or normal organs, were cen- 
trifuged at 3000 RPM (1400 x g) for 15 min- 
utes, then at 9500 RPM (7000 x g) for 10 
minutes, at 0°C. The supernate was used for 
inoculation, or passed through a Berkefeld- 
N, or Selas 03 filter, prior to use. All extracts 
were kept at O°C and injected (0.1 cc, sub- 
cutaneously) within 48 hours. Test animals. 
Newborn C3H, or foster nursed C3H(f) mice, 
both of the Bittner substrain(6) were used 
for inoculations. Most animals were less than 
12 hours, many less than 6 hours, none more 
than 15 hours old, at time of inoculation. 


Results. Pathogenic properties of extracts 
prepared from induced C3H leukemias. For 
these extracts we used mediastinal and mesen- 
teric tumors, spleens and livers of leukemic 
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TABLE I. Results of Inoculation of Centrifuged or Filtered Extracts from Indueed C3 
Leukemia into Newborn (<15 Hr Old) C3H or C3H(f) Mice. 


No. of = 
, No. of mice Parot. 

exps. Donor’s leuk. resulted from inoe. of: Strain noe. Leuk. tumors Sare. 

18 Ak leuk, filtx. or centr. Races 69 tre nee 19 3 1 

8 Transpl. (8 to 15x ) C3H leuk. cells 21 0 7 2 

3 Parot. tumors filtr. i : 2 0 0 

2 C58 leuk. filtr. 8 4 0) 0 

31 C3H 66 13 9 3 

C3H(f) 39 12 3 0 

“Total 105 2 3 


No. of mice developing* 
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* Avg age leukemia developed 5 mo, parot. tumors 4 mo, sarcomas 8 mo. 


25+ 1 


+ 2 of these mice developed leukemia and also bilateral parotid tumors. 
¢ 4 mice developed parotid tumors and also subcutaneous sarcomas. 


C3H mice. In most animals leukemia result- 
ed from the previous inoculation of cell-free 
(centrifuged or filtered) Ak leukemic ex- 
tracts. In some experiments, initially induced 
leukemia in C3H mice was transplanted in 
mice of the same line, and cell-free extracts 
were then prepared from intermediate and 
15th consecutive transfers. In a few experi- 
ments, we used as donors C3H mice, in which 
leukemia had been induced with filtered C58 
leukemic extracts, or with extracts prepared 
from C3H parotid tumors. Of the 105 new- 
born C3H, or C3H(f) mice inoculated with 
centrifuged or filtered C3H leukemic extracts, 
25 developed leukemia, 12 parotid tumors, 
and 3 subcutaneous fibrosarcomas; among 12 
mice with parotid tumors, 4 developed in ad- 
dition subcutaneous sarcomas (Table I). 
Pathogenic properties of extracts prepared 
from induced parotid tumors. In this series 
the donors were C3H mice with induced or 
transplanted parotid tumors. The induced 
parotid tumors resulted from inoculation of 
filtered, or centrifuged Ak or C58 leukemic 
extracts, or of extracts prepared from normal 
Ak organs. Some of these parotid tumors 
were transplanted subcutaneously in C3H 
mice. Centrifuged or filtered extracts were 
then prepared from several intermediate and 
18th consecutive transfers. These parotid 
tumors were removed aseptically, ground with 
sterile physiological saline solution to obtain 
20% concentration, and centrifuged. Of 296 
newborn C3H or C3H(f) mice, inoculated 
with either centrifuged or filtered parotid tu- 
mor extracts, 24 developed leukemia and 21 


parotid tumors; 6 of these latter mice devel- 
oped also subcutaneous fibrosarcomas; 2 mice 
developed tumors of the parotid and submax- 
illary glands, and also in the adrenal medulla 
(Fig. 1). Nine mice developed only soft tis- 
sue fibrosarcomas with no evidence of either 
leukemia or parotid tumors. (Fig. 2 and 3) 
Results of inoculation of extracts prepared 
from normal C3H and C57 Brown/cd organs. 
To determine whether extracts from organs of 
normal, healthy mice of a low-leukemic line 
may also induce leukemia or tumors, centri- 
fuged extracts were prepared from normal 
embryos removed aseptically from young, 


FIG. 1. Medullary adrenal tumor. This C3H fe- 
male was inoculated when less than 4 hr old with 
centrifuged extract from 18th transfer of a C3H 
parotid tumor. At 24% mo of age this mouse de- 
veloped bilateral parotid and also submaxillary 
gland carcinomas. A medullary adrenal tumor was 
also found. (H. & H. X 120.) 


_ 


FIG. 2. 


Spindle and giant-cell sarcoma. This C3H male was inoculated when less than 9 hr old 
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with centrifuged (7,000 x g) parotid tumor extract, and developed at 84% mo a rapidly growing 
tumor infiltrating right front leg in the vicinity of axillary pit. This tumor could be readily 
transplanted to other C3H mice, retaining its peculiar morphology. (H. & E. X 330.) 


normal pregnant female mice of the C3H line 
(Bittner substrain) mated to their brothers. 
In 2 experiments, extracts were prepared from 
normal C57 Brown/cd(5) embryos.  Fifty- 
three newborn C3H and 50 C3H(f) mice (to- 
tal 103) were inoculated with C3H embryo 
extracts, and 3 C3H mice developed parotid 
tumors at 4 to 12 months; no leukemia devel- 
oped in any injected animal. Of 9 C3H mice 
inoculated with C57 Brown/cd embryo ex- 
tracts, 1 developed a parotid tumor at 4% 
months. In a second series, centrifuged ex- 
tracts of normal mammary glands prepared 
from lactating C3H females wete inocu- 
lated into 12 newborn C3H and 48 C3H(f) 
mice and 9 (4 C3H and 5 C3H(f)) developed 
parotid gland tumors at 3 to 8 months of age. 
Among these 9 mice, 1 C3H(f) developed also 
a subcutaneous fibrosarcoma. Four C3H(f) 
mice developed subcutaneous fibrosarcomas at 
11% and 15 months, respectively, without any 
evidence of parotid tumors. No leukemia ap- 


peared in any of the inoculated mice, but 
among the females several developed mam- 
mary carcinomas. In a third series, centrifuged 
extracts were prepared from pooled normal or- 
gans (spleen, liver, kidneys, heart, lungs) of 
young, healthy C3H(f) or of C3H mice. 
These extracts were freshly prepared and used 
for inoculation within 48 hours; or the ex- 
tracts were preserved by dry-freezing, or in 
50% glycerine, for 2 weeks to 2 years, then 
resuspended, and used for inoculation. Of 74 
newborn inoculated C3H or C3H(f) mice, 10 
developed parotid gland tumors (Table ITI), 
none developed leukemia. Parotid gland tu- 
mors, which developed in C3H or C3H(f) 
mice, following inoculation of normal C3H 
or C3H(f) or C57 Brown/cd organ extracts, 
were identical with those(4) in which Ak leu- 
kemic extracts were used for inoculation. 
Results of inoculation of sterile physio- 
logical saline, or tryptophane broth into new- 
born C3H mice. In control experiments, ster- 
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FIG. 3. Fibrosarcoma in a C3H male. This mouse 
inoculated when less than 3 hr old with filtered 
(Selas 03) parotid tumor extract. At 10 mo a hard 
tumor mass developed under the skin of back, 


growing progressively. (H. & E. x 342.) 

ile physiological saline solution, or sterile 
tryptophane broth (cooled to 0°C) were in- 
oculated subcutaneously into 42 newborn 
C3H and 20 C3H(f) mice. None developed 
either leukemia, parotid gland tumors, or 
subcutaneous sarcomas. 

Discussion. Mouse leukemia in Ak and 
C58 inbred lines, is caused by a filterable and 
thermolabile agent, presumably a virus, trans- 
mitted through the embryos, and remaining 
latent until the carrier-mice reach middle age. 
Cell-free extracts from leukemic or healthy 
mice of either inbred strain, contain the 
agent: when inoculated into newborn mice of 
a susceptible “detector” strain, such as C3H 
(Bittner substrain), or C57 Brown/cd, the 
extracts may induce typical leukemia(1-7). 
Under certain conditions, inoculation of new- 
born C3H mice may result in development of 
parotid gland tumors, and/or subcutaneous 
sarcomas. Development of parotid tumors 
could be induced by inoculating (a) leu- 
kemic Ak extracts centrifuged at 7000 x g 
then diluted(7), (b) supernate resulting from 
centrifugation of Ak leukemic extracts at 
144,000 x g(8), (c) leukemic extracts passed 
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through filters such as Selas 03(4), or grado- 
col membranes(9), or (d) centrifuged organ 
extracts from healthy Ak or C58 carriers, 
such as extracts from Ak spleen, embryo, or 
breast tissue(9). 

One may assume that a single agent present 
in Ak or C58 extracts (when inoculated into 
newborn C3H mice) may induce either leu- 
kemia or salivary gland tumors, or other 
tumors, such as soft tissue sarcomas. It is 
then difficult to explain, however, why such 
agent would very exceptionally induce in the 
same animals both leukemia and parotid tu- 
mors. We have seen only 3 such mice among 
several hundred inoculated. Also why would 
such agent never induce spontaneous salivary 
gland tumors in natural Ak or C58 carriers, 
and why would inoculation of C57 Brown/cd 
mice with Ak extracts result only in develop- 
ment of leukemia, but not parotid tumors 
(Sie 

On the other hand, mice of high-leukemic 
Ak or C58 inbred lines may possibly carry 
not only a leukemic, but also other oncogenic 
agents, the latter not pathogenic for their 
natural Ak or C58 carriers. Such a working 
hypothesis appears consistent with the ex- 
perimental facts. When Ak or C58 extracts, 
containing both agents, were inoculated into 
newborn C57 Brown/cd mice, only leukemia 
resulted. Mice of this strain may be sus- 
ceptible to leukemic, but not to parotid tumor 
agent. When, however, these extracts were 
inoculated into newborn C3H mice, suscept- 
ible to both agents, either leukemia or parotid 
tumors (and in a few instances subcutaneous 
sarcomas) resulted. Among inoculated C3H 
mice some developed leukemia, and others 
parotid tumors. This could be due to an in- 
terference phenomenon. Only one of these 
two agents may usually induce the disease in 
one host, though both may be present. It fol- 
lows, with few exceptions, that either leu- 
kemia or parotid tumors induced with Ak or 
C58 extracts in C3H mice, under conditions 
hitherto applied, would contain both agents. 
Such an assumption would be consistent with 
results reported in Tables I and II. Thus, 
when extracts prepared from induced C3H 
leukemias or from induced parotid tumors 
were inoculated into newborn C3H mice, 
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TABLE II. Results of Inoculation of Centrifuged or Filtered Parotid Tumor Extracts into 
Newborn (<15 Hr Old) C3H or C3H(f) Mice. 


NN EE EE 


No. of 
exps. Donor’s tumors resulted from inoe. of : 
22 Ak leuk. filtr. or centr. 
21 Ak leuk. centr. extr. dil. 1:1,000 to 
1:100,000 
10 Ak organs centr. 
16 Induced parot. tum., centr., or transpl. 


(1 to 18) parot. tum. cells 
3 C58 leuk, filtr. 
1 C3H leuk. cells, transpl. (9 X ) 


* Avg age leukemia developed 13 mo, parot. tumors 5 mo, sarcomas 11 mo. 


No. of mice developing* 


No. of = —\ 
mice Parot. 
Strain inoc. Leuk. tumors Sare. 
ee a Wee Seto obe 2. 3 
76 2 2 3 
44 1 2 
60 10 10 S};¢ 1 
14 0 0 1 
9 0 0 0 
OBilat 229 15 a 5 
C3H(f) 67 9 14 4 
Total 24 9 


2964 


21t 


+ 6 mice developed parotid tumors and also subcutaneous sarcomas; 2 mice developed paro- 
tid and subniaxillary gland tumors, and also medullary adrenal neoplasms. 


t In addition 35 newborn mice of the less 


susceptible C3H/An (National Cancer Inst.) 


substrain(6) were also inoculated: only one developed a uterine sarcoma, none parot. tumors 


or leukemia. 


either leukemia or parotid tumors resulted. 
That extracts prepared from those parotid 
tumors, initially induced with highly diluted 
(1:1000 to 1:100,000) Ak leukemic extracts, 
rarely reproduced leukemia (Table II) may 
be significant. Previously, highly diluted Ak 
leukemic extracts induced parotid tumors, but 
rarely leukemia(7). It is conceivable that 
parotid tumors, induced with diluted leukemic 
extracts, contain mostly the parotid agent, and 
very little of the leukemic virus. For this 
reason cell-free extracts prepared from such 
parotid tumors may only very occasionally in- 
duce leukemia, whereas extracts prepared 
from parotid tumors induced with non-diluted 
leukemic extracts may reproduce either dis- 
ease. 

It was apparently much easier to recover 
either agent from induced C3H leukemias 
(Tabie I) than from parotid tumors (Table 
Il). Whether leukemic tissues contain larger 
quantities of both agents than parotid tumors, 
or whether other reasons may be responsible 
for this difference, remains to be determined. 

Untreated Ak or C58 mice have never de- 
veloped parotid tumors spontaneously. When 
used as donors, however, for preparation of 
extracts, they represent an excellent source of 
the parotid tumor agent. It would appear, 
therefore, that mice of these 2 inbred lines 
are usually not susceptible to the pathogenic 


action of such an agent. As with certain 
phages(10), one could assume that the parotid 
tumor agent is “not inducible” in its natural 
Ak or C58 carrier. Ak and C58 mice are not 
necessarily the only ones carrying such a 
masked oncogenic agent. When extracts, pre- 
pared from normal organ extracts of healthy 
C3H, C3H(f) or C57 Brown/cd mice were in- 
oculated into newborn C3H mice, parotid tu- 
mors were sometimes induced (Table III). 
This agent would therefore exist in C3H mice 
in a masked form, usually not pathogenic for 
its natural carrier. A blind passage, consist- 
ing of transfer by inoculation of normal organ 
extracts from one host to another, even within 
the same inbred line, may sufficiently increase 
its pathogenic properties to cause develop- 
ment of parotid tumors. Under normal con- 
ditions of life, however, the parotid tumor 
agent would not become pathogenic spon- 
taneously, except on very rare occasions (we 
have seen only one untreated C3H mouse that 
developed parotid tumor spontaneously) (6). 
It is therefore possible that the parotid tumor 
agent is essentially of low pathogenic potency 
for its natural carrier. Its presence in mice of 
various inbred strains would manifest itself 
only exceptionally under normal conditions, 
although this agent may be present in a num- 
ber of inbred strains of mice. Spontaneous 
development of parotid tumors is apparently 
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TABLE III. Results of Inoculation of Centri- 

fuged Extracts from Fresh, Lyophilized, or Glycer- 

inated Normal C3H or C3H(f) Organs into New- 
born (<15 Hr Old) C3H or C3H(f) Mice. 


No. of mice 


Dey. 
No. of parot. 
exps. Material Strain Inoe. tumors 
4 Fresh 24 2 
5  lLyophil. preserv. at oT 5 
—4°C, 1% to 26 mo 
2 Glycer. preserv. at 13 3 
-4°C 114 to 414 
mo 
1D C3 53 8 
CoH (yy 21 2 
Total 74 IK? 


* Avg age parot. tumors developed 4 mo. 


exceptional even in descendants of mice bear- 
ing such tumors. We bred C3H males and 
females with induced parotid tumors, and 
raised 61 offspring of such tumor-bearing par- 
ents by brother-sister mating, through 4 suc- 
cessive generations, but none developed either 
leukemia or parotid tumors(9). 

There may exist oncogenic agents not path- 
ogenic for their natural carrier-hosts. This 
could be compared with the “hereditary” 
transmission of certain phages, which may be 
non-inducible in certain bacterial carriers, but 
may be readily induced in susceptible detec- 
tor-strains(10). The parotid tumor agent 
may be similar. 

The leukemic agent also carried and trans- 
mitted from one generation to another in mice 
of Ak and C58 inbred lines, is highly patho- 
genic for its carriers, causing the development 
of “spontaneous” leukemia in 90% of its na- 
tural hosts. In this case, no “blind transfer” 
is needed to induce the disease. Moreover, 
activation of the latent leukemic agent can be 
prompted in the natural carrier by various 
means, such as hormones, radiation energy, 
or carcinogens, acting on a receptive host. 
The leukemic and parotid tumor agents would 
therefore differ fundamentally in their bio- 
logical and pathogenic properties. Whether 
their association in the high leukemic Ak and 
C58 inbred lines is coincidental, is yet to be 
determined. 

Development of soft tissue sarcomas among 
some of inoculated C3H mice is quite inter- 
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esting. These tumors (Fig. 2 and 3) re- 
sembling fibro-sarcomas, myxosarcomas, and 
occasionally rhabdomyosarcomas with multi- 
nuclear cells, developed in most instances sub- 
cutaneously. In some instances sarcoma de- 
veloped in muscles, or in muscular or peri- 
neural fascia, and in 2 instances in the uterus 
(rhabdomyosarcoma). We have never ob- 
served similar tumors developing spontane- 
ously in untreated C3H mice. These tumors 
could be induced occasionally by inoculating 
newborn C3H mice with centrifuged or fil- 
tered Ak leukemic extracts, more frequently 
with cell-free extracts prepared from induced 
C3H leukemias or from induced parotid tu- 
mors, and also with extracts prepared from 
normal C3H mammary glands. They were 
never observed in C3H mice which developed 
induced leukemia, but some appeared in ani- 
mals that developed also parotid tumors. 
Only a few of these sarcomas could be trans- 
planted, by cell transfer, in C3H mice of the 
same substrain. When transplanted success- 
fully, they developed at the site of implanta- 
tion within a few weeks, growing then locally. 
An attempt to recover an agent from such 
sarcomas is now in progress(9). These sar- 
comas are so different from leukemic or paro- 
tid tumors, that it is difficult to assume that 
they might be caused by the same agent. If 
caused by a distinct oncogenic agent, it ap- 
pears that the sarcoma agent would also be 
usually not pathogenic for its natural carrier. 
Thus, neither the Ak, nor the C3H mice, even 
though potentially able to induce sarcomas, 
develop these tumors spontaneously. As with 
the parotid tumor agent, following blind pas- 
sage into a newborn, susceptible host, this 
agent may become sufficiently pathogenic to 
induce sarcomas. A potent inducing factor, 
such as methylcholanthrene, could also acti- 
vate this masked agent, causing development 
of a sarcoma of similar morphology in the 
natural carrier(11). 

The possibility that a single host may carry 
several distinct oncogenic viruses, in masked 
form, may appear remote. However, the 
number of bacterial and filterable viruses, 
many potentially pathogenic, carried by ani- 
mals and human hosts, is so large, that on- 
cogenic agents would represent only a small 
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addition to this collection of parasites and 
symbionts. Carried by apparently healthy 
hosts, and transmitted from one generation to 
another, these agents would cause only occa- 
sionally symptoms of disease, remaining in 
most instances harmless for their natural car- 
rier-hosts(12). 


Summary. 1. Parotid tumors or leukemia 
developed following inoculation of Ak ex- 
tracts into newborn C3H mice. When extracts 
from induced C3H leukemias were inoculated 
into 105 newborn C3H mice (Bittner sub- 
strain), 25 (24%) developed leukemia, 12 
(11%) parotid tumors, and 7 (7%) subcu- 
taneous sarcomas. Of 296 newborn C3H 
mice inoculated with parotid tumor extracts, 
24 (8%) developed leukemia, 21 (7%) paro- 
tid tumors, 15 (5%) subcutaneous sarcomas, 
2 submaxillary gland tumors, and 2 medullary 
adrenal tumors. 2. Centrifuged extracts 
from normal C3H embryos were inoculated 
into 103 newborn C3H mice, and 3 developed 
parotid tumors. Of 9 newborn C3H mice in- 
oculated with C57 Brown/cd embryo ex- 
tracts, 1 developed parotid tumor. When cen- 
trifuged extracts prepared from normal C3H 
mammary glands were inoculated into 60 
newborn C3H mice, 9 developed parotid 
tumors, and 5 subcutaneous sarcomas. Cen- 
trifuged pooled normal C3H(f) and C3H or- 
gan (liver, spleen, heart, kidney) extracts 
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fresh, or preserved either by dry-freezing or 
in 50% glycerine, were inoculated into 74 
newborn C3H mice, and 10 (14%) developed 
parotid tumors. 3. Physiological saline solu- 
tion or sterile tryptophane broth inoculated 
into 62 newborn C3H mice, did not-induce tu- 
mors or leukemia. 4. Ak mice may carry not 
only a leukemic, but also another oncogenic 
agent, the latter not pathogenic for its natural 
carrier. 3H mice may also carry such a 
masked agent. A blind transfer into a new- 
born susceptible (C3H) host may sufficiently 
increase its pathogenic potency to cause paro- 
tid tumors. The sarcomas may be caused 
by another, individually distinct, though bio- 
logically similar agent. 
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The accuracy, sensitivity, and practical 
value of the im vitro toxigenicity (virulence) 
test (I.V.T.T.) for pure cultures of C. diph- 
theriae are now well established(1-3). In this 
method one inoculates the pure culture to be 
tested in a straight line on the surface of 
Petri plates containing a special serum agar 


* Present address: Department of Bacteriology, 
University of Kentucky, Lexington. 


(3) and a centrally placed source from which 
diphtheria antitoxin diffuses into the agar. 
Toxin diffuses from the inoculum and anti- 
toxin diffuses from the central source. Where 
the two meet in the agar, in proper propor- 
tions, a visible white precipitate forms. This 
constitutes a positive toxigenicity test. 
Heretofore isolation of pure cultures of the 
test organism, with consequent delay of 72 to 
96 hours, has been considered necessary to a 
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proper I.V.T.T. Recent studies by Santo- 
padre(4) in Italy and by the authors, show 
that it is possible, by means of the I.V.T.T., 
to demonstrate the presence of toxigenic C. 
diphtheriae in original diagnostic material 24 
hours after receipt of the specimen. The spe- 
cial medium for the i.V.T.T. is made some- 
what selective by adding to it 0.0045% of po- 
tassium tellurite, which retards growth of 
many of the contaminating organisms in the 
original throat swabs or Loeffler cultures but 
has little inhibitory effect on Corynebacteria. 
The plates are inoculated from the original 
throat cultures or with the original swab, and 
incubated and read in the same manner as for 
testing toxigenicity of pure cultures of C. 
diphtheriae. 

Methods, (1). In the present series 266 
throat cultures on Loeffler slants, all of which 
had been incubated at least 18 hours and sub- 
sequently held at room and/or icebox tempera- 
ture for 4 days to 6 weeks, were each inocu- 
lated directly onto I.V.T.T. plates. Precipi- 
tates characteristic of toxigenic C. diphtheriae 
were visible within 24 hours in 63 of the 266 
cultures: in 48 hours in 53; and in 72 hours 
in 14; 130 in all. Parallel platings on cys- 
tine-tellurite-blood plates yielded pure cul- 
tures of C. diphtheriae from 205 of the cul- 
tures. Of these, 9 were atoxigenic when tested 
separately both on I.V.T.T. plates and in ani- 
mals. These atoxigenic cultures came from 
Loeffler slants which had yielded negative re- 
sults in the mixed-growth I.V.T.T. Thus 130 
(66.3%) of 196 original throat cultures, later 
shown to contain toxigenic C. diphtheriae by 
pure culture isolation, were demonstrated to 
contain toxigenic C. diphtheriae 24-72 hours 
after arrival in the laboratory. 

Methods, (2). Although with reasonable 
care in performance of the I.V.T.T. false posi- 
tives and negatives rarely occur, it was thought 
desirable to submit a representative group of 
the organisms isolated in this series to test in 
animals. Pure strains were isolated from all 
of the Loeffler slants which had given positive 
L.V.T.T. Seventy-two of these were selected 
at random and tested in rabbits by a standard 
procedure(5). All gave clearly positive re- 
sults. Nineteen pure strains from Loeffler 
slants negative by I.V.T.T., similarly tested, 
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gave negative results. The same pure cul- 
tures, positive and negative, tested by 
I.V.T.T., all gave concordant results. There 
is, therefore, no reason to think that the use 
of mixed cultures increases the risk of intro- 
ducing false positives into the test. How- 
ever, in this, as in many other diagnostic pro- 
cedures, a negative reaction obviously does 
not exclude the possibility that a specimen 
might yield a positive result under other test 
conditions. 

Methods, (3). Since Loeffler cultures usu- 
ally incubate overnight before streaking on the 
I.V.T.T. plates an attempt was made to ob- 
tain positive toxigenicity tests directly from 
the original throat swabs themselves. As 
stated before, the material tested in this study 
consisted of old Loeffler cultures since this 
laboratory does not commonly receive original 
swabs. Eighteen “artificial” throat swabs 
were prepared by mixing normal throat flora 
from fresh, negative, Loeffler slants with 
small amounts of diluted pure culture of toxi- 
genic C. diphtheriae and moistening the swabs 
with the mixtures. Stained smears from these 
swabs showed diphtheria bacilli to be present 
in relatively small numbers among large num- 
bers of other bacteria. After standing for 24 
hours, these swabs were streaked directly on 
I.V.T.T. plates. Nine yielded positive reac- 
tions in 24 hours; 7 others were positive in 
48 to 72 hours. Two failed to give a positive 
result. In all, about 89% gave a positive 
L.V.T.T. directly from the swabs. 

Summary. The mixed growth from 266 
original Loeffler slants submitted for diag- 
nosis of suspected diphtheria was streaked di- 
rectly onto tellurite-agar plates prepared for 
the im vitro toxigenicity test (I.V.T.T.). Of 
196 such diagnostic specimens later shown, by 
pure culture isolations and animal tests, to 
contain virulent C. diphtheriae, 130 (66.3%) 
yielded positive results; 63 (48%) in 24 
hours, 53 (40%) in 48 hours and 14 (11%) 
in 72 hours. Nine of the original 266 cul- 
tures were later shown by pure culture isola- 
tions and animal tests to contain non-toxi- 
genic C. diphtheriae. These yielded negative 
I.V.T.T. Preliminary tests with prepared 
swabs indicate that positive I.V.T.T. fre- 
quently may be obtained directly from them 
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in 24 hours. The I.V.T.T. plate, with K Te, 
offers a rapid and simple method of detecting 
virulent C. diphtheriae in a useful percentage 
of original diagnostic specimens. 
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The demonstration of a specific mumps 
virus hemagglutinin in infected chick embryo 
fluids by Levens and Enders(1) and Bever- 
idge and co-workers(2) has resulted in prac- 
tical laboratory diagnostic procedures for the 
detection and titration of the virus and for 
the measurement of mumps antibodies(3). 
Although erythrocytes from different species 
of animals were found to be susceptible to 
hemagglutination by mumps virus(4), chick- 
en and human Group O cells have been the 
most routinely used for both diagnostic and 
experimental testing(3). It has also been a 
general practice to carry out the hemagglu- 
tination test at room temperature without due 
consideration to the variations in temperature 
which may occur in the same laboratory, from 
one laboratory to another and from country 
to country. 

The object of this paper is to report some 
differences observed between the hemagglu- 
tinating capacity of mumps virus strains of 
different origins at various temperatures, 
using erythrocytes derived from chickens, 
guinea pigs and human Group O. 

Materials and Methods. Origin of virus 
strains.t Strain E was received from Dr. En- 
ders’ laboratory in its 37th chick embryo pas- 
sage; the Ha strain was obtained from Dr. 
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Habel at the 20th passage level; strain He, a 
side-line of the E strain, which had undergone 
16 allantoic cavity passages, was received from 
Dr. G. Henle; and strain Ja was isolated here 
from the spinal fluid of a mumps patient. The 
first chick embryo passage of this latter strain 
was made in the amniotic sac, and this was 
followed by three more consecutive passages 
in the allantoic cavity. Preparation of eryth- 
rocytes. The erythrocytes used consisted of 
pooled cells derived from at least three or 
four chickens, guinea pigs or human Group O 
individuals. The citrated blood pools were 
washed in normal saline three times, centri- 
fugation being carried out between washings 
at 1,000 rpm for 10 minutes in an anglehead 
centrifuge. A final centrifugation at 1,500 
rpm for 15 minutes was used for packing. 
The washed, packed erythrocytes were made 
into a 30% suspension in normal saline 
and stored at 4°C for not more than five 
days. Aliquots of this suspension were di- 
luted as desired just before the performance 
of the tests. Titration method. All titrations 
were made in saline by the Salk(5) hemag- 
glutination procedure, using 0.25% suspen- 
sions of the different erythrocytes. Triplicate 
titrations of each preparation were made with 
each cell species and placed at 4°C, room 
temperature (22-24°C) and 37°C, respec- 
tively. Because of the slower rate of sedi- 
mentation of guinea pig and human erythro- 
cytes, especially at 4°C, readings were made 
after two hours incubation at the various tem- 
peratures. 


HEMAGGLUTINATION OF Mumps Virus STRAINS 


Srbl 


TABLE I. Titration of 2 Strains of Mumps Virus in Presence of Human O, Chicken and Guinea Pig 
Erythrocytes of 3 Different Temperatures. 


Erythro- 
Virus cyte 
irus Temp., Allantoi¢ fluid dilutions — saline 
strain Erythrocyte °C 1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 control 
ii (43)* Human'O 4 ws a Tag ue ene Se a pe ee 
B2-BAt  — + + + + +o — 
37 Gr Gr — + + + can ne a 
Chicken 4 a + ae ae alte au ae = ae 
22-24 siI5 5 ai ar =e ae as = = 
37 Gr Gr Gr + + = Les a= ca 
Guinea pig 4 _ + le au of =e ae =s = 
Bo 2d Tee Opa cts \ Nc ait lection! Salegie Wuete: wp eatie gh Aen viens cae 
37 Gr Gr + + + at + suet a 
Ha (25) Human O 4 < So pie =, Nba. = 
22-24 — — pat) a 
37 a — = _ _— ae zt at Mw 
Chicken + + -- ae ak aL se aia) feet on 
Boe BA hepttte  velvegtet ty) oe Ian aE st i atnkas g n aire 
ol == — > 2a) 
Guinea pig 4 = ++ aie ak ae 
VE TT A eats iia exe at ae Se lee ake ee ee 
37 Ee eri ct eter ee eet ee ee 
* Chick embryo passage level used in test. t 22-24°C — Room temperature. ree 


Gr = Granular aspect of cellular aggregate. 


The results given in Table I are typical of 
those obtained on a great number of titrations 
of the E and Ha strains of virus. Whereas 
the E strain was capable of agglutinating all 
3 types of cells used at all 3 temperatures, 
human O cells completely failed to reveal the 
presence of strain Ha at the same tempera- 
tures; furthermore, no hemagglutination oc- 
curred in the presence of chicken cells with 
titration of strain Ha at 37°C. It is note- 
worthy that, although strain Ha titers in the 
presence of guinea pig cells were somewhat 
lower than those obtained with chicken cells, 
detection of the virus was obtained at all 3 
temperatures. It seemed, therefore, that each 
of the 2 strains tested possessed a definite 
hemagglutinating pattern, which could be 
used to distinguish one from the other. In 
view of these findings, the behavior of the 
other strains of virus given under Materials 
and Methods was investigated by the same 
technic. The results of repeated titrations 
are summarized in Table II. It was not sur- 
prising to obtain with strain He a pattern 
identical with that of strain E because of 
their common origin. A similar pattern was 
also obtained with strain Ja. The virus 
preparation designated as unknown in Table 


II consisted of a concentrated mumps virus 
antigen of either the E or Ha strains, prepared 
several months before these tests. Through 
an oversight, the name of the strain with 
which it was prepared had been omitted from 
the label. However, the pattern obtained 
with this antigen clearly indicates that it was 
prepared with strain E. 

Discussion. From the standpoint of their 
antigenic structure(4) as well as their reac- 
tion to physical and chemical agents, mumps 
virus strains isolated from distant parts of the 
globe have been found to be similar, if not 
identical. It is, therefore, of interest that 
some differences should be found in their 
hemagglutination behavior in the presence of 
cells of different species. The most unexpect- 
ed feature of these differences is the fact that 
human Group O cells should be found to be 
the least susceptible to agglutination by a 
strain of mumps virus, a host-specific para- 
site of man. The question is whether these 
differences constitute intrinsic characteristics 
of the virus strains studied, or whether they 
have evolved as a result of their different pas- 
sage histories in the chick embryo. Should 
the first of the two explanations be accepted, 
it stands to reason that the presence of a 
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TABLE II. HA Pattern of Several Mumps Virus Preparations in Presence of Human O, 
Chicken and Guinea Pig Erythrocytes at 3 Different Temperatures. 


Erythrocyte and temperature 


Virus Human O Chicken Guinea pig 
preparations 4°C 22-24°C* 37°C 4°C 9 22-24°C = 337°C 4°C 22-24°C 37°C 
E (43) t “6 Tue aries al ti GE als “lr ae 
Ha (25) oe a sea tee ehh eerie 
Ja ( 4) + + 4+Gr + + +Gr + + 4G 
He (19) ag = aces =e = + Gr ad ry Gr 
Unknown a + + Gr + + + Gr + + + Gr 


* 22-24°C — Room temperature. 


strain of virus similar to Ha could be missed 
if only human Group O cells were used. Simi- 
larly, a strain of the same type would also 
pass unnoticed in the presence of chicken 
cells, should the environmental temperature 
be close to 37°C. Rapid loss of hemagglutina- 
tion of chicken cells by strain Ha at 37°C 
may be attributed in part to an extremely 
rapid rate of elution of the virus and to the 
relative lability of the hemagglutinin of this 
strain of virus at 37°C, as previously re- 
ported (6). 

Under the conditions of the experiment 
above, it seems that guinea pig cells may be a 
most reliable reagent for the detection of 
mumps virus, within a wide temperature 
range. When using these cells in the hemag- 
glutination-inhibition test, however, Bever- 
idge and Lind(4) have found it necessary to 
absorb the serum under test with guinea pig 
cells in order to remove natural hemagglutinin 
for erythrocytes of this species. 

Summary. Differences in hemagglutination 
behavior have been found to exist between 
mumps virus strains of different origins. Most 


+ Chick embryo passage level used in test. 
Gr = Granular aspect of cellular aggregate. 


strains tested were capable of hemagglutinat- 
ing chicken, guinea pig and human Group O 
cells at 4°C, 22-24°C and 37°C. One strain 
did not agglutinate human Group O cells at 
any of these temperatures, and failed also to 
agglutinate chicken cells at 37°C. However, 
this same strain was able to cause hemag- 
glutination of guinea pig cells at all 3 tem- 
peratures. The implications of these findings 
in relation to laboratory testing for mumps 
virus has been discussed. 
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Most microorganisms are susceptible to in- 
fection by bacteriophage and probably every 
thoroughly investigated group will eventually 
be found to be host to some phage. Many of 
the bacteria which are known to be infected 
by viruses are mesophilic organisms such as 
enteric bacteria, bacilli, staphylococci, strep- 
tococci and corynebacteria. A few instances 
of thermophilic bacteriophage have been re- 
corded. Koser(1) isolated a thermophilic 
phage and observed the optimum temperature 
for lytic activity of the virus to be about 
50°C. It was capable of lysing the host at 
57°C to 58°C, survived heating at 70°C for 
30 minutes but was completely inactivated at 
75°C, Adant(2) reported a lytic principle 
which developed readily at 52°C to 55°C but 
did not survive heating for 30 minutes at 
‘ia we 

Recently a bacteriophage, capable of lysing 
a thermophilic bacterium at 65°C, was iso- 
lated in this laboratory from green house soil, 
and studied to determine its morphology, host 
range, temperature range, plaque morphology, 
heat resistance in various suspending media, 
burst size and latent period. 

Materials and methods. Organisms serv- 
ing as hosts for phage were aerobic, sporogen- 
ous bacilli designated NCA 2184, originally 
recovered from spoiled canned peas, and No. 
4 and No. 10 isolated from thermal springs in 
Yellowstone National Park, all characterized 
by Marsh and Larsen(3) as being or resemb- 
ling closely Bacillus stearothermophilus. The 
bacteria were grown in broth containing 2.0% 
Trypticase, and on solid media containing 
0.0007% FeCls, 0.0015% MgSO, and 2.0% 
agar in addition to Trypticase. The agar 
layer method described by Swanstrom and 
Adams(4) was employed to obtain high titre 
phage stock. Phage lysates were stored 5 to 
7 days before purification, then centrifuged at 
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4000 rpm for 20 minutes to remove agar and 
larger particles. After filtration through 
either a Berkefeld or sintered glass filter, the 
lysate was placed in sterile steel cups and cen- 
trifuged at 25,000 G for 1 to 2 hours. The 
agar layer method of titration was used 
throughout for determining the number of in- 
fectious units per ml. Because of the high 
temperature of incubation, 2% agar was used 
in the lower layer and a 0.9 to 1.0% agar in 
the soft layer. Adsorption studies were car- 
ried out by singly infecting host suspensions 
which were in the logarithmic growth phase. 
At intervals, a 0.1 ml aliquot was removed 
and diluted 100 fold to stop adsorption. After 
centrifuging the mixture at 4000 rpm for 10 
minutes, to remove the bacteria containing 
adsorbed phage, the supernatant was assayed 
for free phage by the agar layer technic. The 
one-step growth curve method described by 
Ellis and Delbriick(5) which combines the 
determination of both burst size and latent 
period and a modification suggested by 
Adams(6) were employed to determine these 
characteristics. Preparations of concentrated 
phage for electron microscopy were made ac- 
cording to the method of Labaw and Mosley 
(7). Formalin was added to the filtered ly- 
sate to yield a 2% concentration and allowed 
to stand for 24 hours. After fixation, the ly- 
sate was ultracentrifuged at 25,000 G for one 
hour, the sediment was taken up in 15 ml of 
saline and centrifuged at 4,000 rpm to re- 
move large particles. Following ultracentri- 
fugation of the saline suspension, the sedi- 
ment was taken up in about 1 ml of distilled 
water and again cleared by low speed centri- 
fugation. The suspension was prepared by 
infecting the host cells in a ratio of 10 virus 
particles for every bacterium. At intervals, a 
small amount was withdrawn with a capil- 
lary pipette and applied to the grid. Heat 
inactivation studies were performed as re- 
ported earlier by White, Georgi and Militzer 
(8). 


Results. Plaques obtained at the initial 
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isolation exhibited 3 main types of morphol- 
ogy: small ones with a clear halo about 1 mm 
in diameter, large 3 to 4 mm plaques with a 
clear halo, and large ones with a turbid halo. 
Large plaques with a clear halo were picked 
for purification. It has been observed that 
the growth of certain phages was inhibited by 
the presence of citrate ion in the culture me- 
dium and that this inhibition could be over- 
come by the addition of calcium salts 
(Adams) (9,10) since the antagonistic effect 
of citrate results from the removal of calcium 
and magnesium by complex formation. Fried- 
man and Cowles(11) added sodium citrate to 
hard agar and semisolid agar in two different 
concentrations and found that the M series of 
Bacillus megaterium phages were inhibited in 
different degrees in the presence of citrate. 
When 0.2% sodium citrate was added to hard 
and semi-solid Trypticase agar, the thermo- 
philic phage failed to produce any plaques on 
solid media whereas they were quickly formed 
on agar free of citrate. Stock phage of suf- 
ficiently high titre could not be obtained in 
broth lysates, the highest number of infec- 
tious particles produced was 10° per ml. The 
agar layer method, however, yielded titres of 
about 101°. 

Twenty-seven thermophilic bacilli from the 
stock culture collection at the University of 
Nebraska were tested for susceptibility to the 
newly isolated virus. Of this group NCA 
2184, No. 10 and No. 4 were lysed by the 
virus. Several mesophilic spore-forming ba- 
cilli were also exposed to the phage at tem- 
peratures of 37°C and 45°C. No lytic activ- 
ity could be observed at either temperature, 
indicating that the host range did not cross 
the boundaries from thermophilic to meso- 
philic. 

Phage suspensions of the same titre were 
plated and incubated at various temperatures 
to determine the optimum for maximum lytic 
activity as manifested by the number of 
plaques formed. This number was greatest 
at 65°C, fewer appeared at 70°C, 55°C and 
50°C; there were no plaques at 40°C. 

Adsorption of virus to bacterium is influ- 
enced by factors such as concentration of elec- 
trolytes and activation by amino acid co- 
factors. Electrolytes, in proper proportions, 
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enhance adsorption but excessive amounts 
may hinder the process, the inhibitory effect 
being greater at higher temperatures (Fong 
(12)). Delbriick(13), studying the co-factor 
requirements for adsorption of the T series of 
coli-dysentery phages, demonstrated that 
some viruses require tryptophane or similar 
substances and, in addition, calcium ions. 

The length of time required for the virus to 
adsorb on to the 3 hosts was determined in 
2% Trypticase broth and in 2% Trypticase 
broth containing either 0.01% CaCl»2 or 0.01 
% MgSO,. About 75% of the phage was 
adsorbed onto No. 4 within 30 minutes, 84% 
on No. 10 and 65% on No. 2184 when sus- 
pended in Trypticase broth. In broth con- 
taining the MgSO, only 14% of the phage 
was adsorbed on to No. 4 whereas 85% was 
adsorbed in 30 minutes in broth containing 
the CaClz. Less phage was adsorbed in broth 
containing higher than 0.01% concentration 
of CaCl. 

The one-step growth curve did not vield the 
information desired. Because of the slow ad- 
sorption of the virus and the continued 
growth of the infected host cells, a continued 
rise in the number of phage particles occurred 
instead of a leveling off after all the bacterial 
cells had lysed. The average burst size could 
not be determined. The latent period was 
roughly estimated to be about 80 to 90 min- 
utes after adsorption of 85% of the virus. 

Most viruses, in crude preparations or in 
media of complex organic composition, are 
quite stable at room temperature. At tem- 
peratures of 50°C to 60°C, inactivation often 
becomes measurable for this is within the 
range where protein denaturation occurs at a 
considerable rate (Luria) (14). 

Nanavutty(15) studied the rate of inacti- 
vation of a coli-dysentery phage exposed to 
various temperatures in different suspending 
media and found that susceptibility to heat 
inactivation was dependent upon the nature 
of the substrate. Krueger(16) demonstrated 
with staphylococcus phage that inactivation 
of bacterial viruses follows first-order kinetics 
and that the temperature coefficient is of a 
magnitude characteristic of protein denatura- 
tion. Koser(1,17) reported that a thermo- 
philic phage, whose optimum temperature for 


THERMOPHILIC BACTERIOPHAGE 


lytic activity was 55°C, did not require a 
correspondingly higher temperature for its 
destruction. Tests showed that it resisted 
temperatures up to, and including 70°C, but 
was destroyed at 75°C when exposed for 30 
minutes. Adant(2) isolated a thermophilic 
phage which also was destroyed at 75°C in 
30 minutes. 

Heat inactivation studies of the newly iso- 
lated phage were carried out in 4 different 
suspending media and exposed to tempera- 
tures ranging from 75°C to 100°C to deter- 
mine whether it might be more resistant to 
heat than phages thus far reported. Previous 
studies (White, Georgi and Militzer(8)) on 
the phage lysate revealed that the phage was 
not inactivated at a constant rate and that 
some particles survived heating at 95°C for 
2 hours. When the logarithm of residual ac- 
tive phage was plotted against time, it was 
observed that straight line curves were not 
obtained indicating that inactivation did not 
follow a unimolecular reaction. When ex- 
posed to 75°C for 2 hours, 3.4 x 10° phage 
particles capable of producing plaques sur- 
vived as compared to 10® per ml at 70°C. 
Two hours exposure of the lysate at 80°C re- 
duced the number to 13,000 plaques. At 
100°C there were but 50 plaques per ml de- 
tectable following 30 minutes of exposure 
with complete inactivation at the end of an 
additional half hour. Regardless of the tem- 
perature, most rapid inactivation occurred 
during the first half-hour after which the rate 
decreased quite markedly. Plaque-producing 
phage particles observed at 0.5 hour were 35,- 
000 at 85°C, 6,000 at 95°C whereas at the 
end of 2 hours there still remained 3,500 and 
1,000 particles per ml respectively. Experi- 
ments designed to demonstrate whether the 
heat-surviving phage was hereditarily more 
heat resistant showed that the former were 
not more resistant than the original phage 
from which it was selected. 

Phage suspended in 0.5% gelatin at pH 
7.0 responded to‘heat inactivation in a man- 
ner very similar to the crude lysate suspension 
(Fig. 1). Again the curves were concave, 
most rapid inactivation occurring during the 
first half hour, the rate decreasing after this 
time. After 2 hours at 90°C there were 200 
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FIG. 1. Heat inactivation of the thermophilic 


phage suspended in 0.5% gelatin. 


particles remaining. At 95°C the numbers 
remaining in gelatin were fewer at each time 
interval than remained in the crude lysate at 
corresponding times. Phage suspended in 
phosphate buffer at pH 7.0 (Fig. 2) did not 
survive exposure to high temperatures as it 
did in its own lysate or in the presence of 
gelatin. At 75°C about 6,500 phage particles 
remained in buffer at the end of one hour as 
compared to 3.0 x 10° at the same period in 
the lysate. The virus exhibited no activity 
after one hour at 80°C whereas 37,000 par- 
ticles remained in the lysate at the end of 60 
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FIG. 2. Heat inactivation of thermophilic phage 
suspended in phosphate buffer. 
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suspended in distilled water. 
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completely inactivated the virus. 
When the phage was suspended in distilled 
- water, it was inactivated most rapidly; only 
220 particles remained at the end of 60 min- 
utes when exposed to 75°C. At 80°C, only 
10 minutes were required to completely in- 
activate the phage (Fig. 3). The hydrogen 
ion concentration, after addition of the phage, 
was between pH 6.5-6.7. 

Electron micrographs of the purified con- 
centrated phage could be obtained only when 
the lysate was fixed in 2% formalin before 
subjecting it to centrifugation. Fig. 4 shows 
the thermophilic phage which is of the tailed 
variety. Specimens not fixed in formalin 
prior to centrifugation showed only flattened, 
round heads without tails. 


Discussion. A bacteriophage was isolated 
from green house soil, which like other bac- 
terial viruses was specific in that it lysed only 
3 of the 27 thermophilic spore-forming bacilli 
tested. | Mesophilic, Gram-positive spore- 
forming rods were not susceptible to the ac- 
tion of the phage. 

Few plaques were produced at tempera- 
tures of 55°C or below, but much larger num- 
bers were formed at 65°C, indicating that the 
latter was more nearly optimum for lytic ac- 
tivity. Thermophilic organisms are defined 
as those which develop best at temperatures 
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above 45°C to 55°C, in contrast to the ther- 
moduric organisms which only survive ex- 
posure to high temperatures. The newly iso- 
lated phage meets these conditions and there- 
fore it can be said that it is truly thermophilic 
and not thermoduric. 

The amount of phage and the rate at which 
it is adsorbed is very slow when compared to 
mesophilic phages. Calcium chloride en- 
hances its adsorption, increasing the amount 
taken up in 30 minutes by 15 to 20%; mag- 
nesium sulfate permitted very little adsorp- 
tion on isolate No. 4. 

One-step growth curve experiments and 
burst size determinations were not made be- 
cause of the very slow adsorption of phage 
by the host. 

It can be concluded from the data in Fig. 


Electronmicrograph of 


FIG. 4. 
phage, formalin fixed, uranium shadowed. 
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2 and 3 that the phage suspended in phos- 
phate buffer (pH 7.0) and in distilled water 
exhibited much less resistance to heat than 
when suspended in either broth lysate or gela- 
tin. Phosphate buffer afforded somewhat 
more protection than did distilled water. 
When the logarithm of residual active phage 
was plotted against time for the phage sus- 
pended in gelatin it was found that the curves 
were strikingly similar to those obtained in 
crude lysate. The foreign protein evidently 
affords the virus protection against high tem- 
peratures. These findings are in accord with 
the heat susceptibility properties of the re- 
ported mesophilic phages. 

These data bear out the hypothesis that the 
virus used in this investigation is more heat 
resistant than any previously reported (Koser 
(1,17), Adant(2)). 

Summary. 1. A new thermophilic phage 
host system has been studied and described. 
It has been designated a thermophilic phage 
because the greatest number of infectious 
units was produced at 65°C, above or below 
which the number of particles was consider- 
ably less. 2. Phage is adsorbed very slowly, 
the maximum amount taken up being 85% in 
30 minutes. 3. Thermal inactivation studies 
indicate that inactivation does not follow a 
monomolecular reaction but the rate decreases 
with time. This bacteriophage is not as vul- 
nerable to heat when suspended in lysate or 
gelatin as it is in distilled water or phosphate 
buffer and is much more resistant to heat 
than other previously reported mesophilic or 
thermophilic phages. 
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Morphological observations and measure- 
ments of the psittacosis-lymphogranuloma 
venereum (P-LV) group of viruses have been 
made in the past by electron microscopy of 
air-dried specimens (dried in air from aqueous 
suspending media). In such preparations 
there is universally seen in electron micro- 
graphs a central electron-dense elevation, sur- 
rounded by a less dense flattened periphery of 
material resembling a membrane. The shape 
of the air-dried particles implies that, when 
hydrated, they are probably spheres consisting 
of a central mass surrounded by a more fluid 
material possessing membrane-like limits. 

To obtain evidence as to whether or not the 
particles of the P-LV group of viruses are in- 
deed spheres when in aqueous suspension, the 
freeze-drying method(1) of mounting sus- 
pended particles may be advantageously used. 
This method has been shown to preserve the 
shape of hydrated particles by rapid freezing; 
during subsequent removal of water by subli- 
mation of the ice at low temperature, the par- 
ticles retain the three-dimensional shape which 
they had at the instant of freezing. 

Methods. The material employed for the 
studies reported here was allantoic fluid from 
chick embryos infected with meningo-pneumo- 
nitis (M-P) virus, a member of the P-LV 
group. The embryos were infected and the 
fluid withdrawn by methods described pre- 
viously(2). Virus particles were concen- 
trated by centrifugation and separated from 
contaminating normal tissue components by 
brief treatment with sodium desoxycholate 
and freed of salt by dialysis as described else- 
where(3). The particulate suspension was 
sprayed upon collodion membranes main- 


* This work supported by Contract between Vet- 
erans Administration and University of California, 
and American Cancer Society upon recommendation 
of Committee on Growth of the National Research 
Council. 


tained at about —80°C; a portion was also 
mounted on collodion and air-dried in the 
usual manner. Polystyrene latex spheres, 260 
my diameter, were included in each prepara- 
tion to demonstrate the relationship of shadow 
length to height for typical spheres and to 
provide an internal standard of magnification. 


Results. An air-dried elementary body of 
M-P virus is shown in Fig. 1. It is evident 
that the particles have flattened upon drying, 
yielding the “derby hat” appearance described 
by Rake e¢ al.(4) in the case of feline pneu- 
monitis virus. That this characteristic ap- 
pearance of air-dried viruses of the P-LV 
group is misleading is demonstrated in Fig. 2, 
which is an electron micrograph of some 
frozen-dried M-P virus elementary bodies. 

The electron-dense central mass of the 
frozen-dried elementary bodies, (2) of Fig. 2, 
is bounded by a delicately wrinkled periphery 
of low electron-opacity, and the entire par- 
ticle casts a shadow similar in length and 
shape to that cast by the latex sphere (7) in 
the same field. The diameter and height of 
the elementary bodies are equal, indicating 
that there has been no detectable flattening of 
the particle during the removal of the water 
vapor. Particles from which the dense cen- 
tral material has been released form sac-like 
ghosts of low electron density, (2G) of Fig. 2. 
The empty particles do not regularly appear 
spherical, and are either not spherical in sus- 
pension or do not retain their original spherical 
shape when dried. It is likely that the freeze- 
dry method does not provide perfect retention 
of the original shape of hydrated particles 
which have little intrinsic rigidity. 

Particles of the type shown in Fig. 2 (2) 
are 250 to 270 my in diameter, while similar 
particles prepared by air drying measure 380 
to 435 mp in diameter. The diameter of hy- 
drated particles of the P-LV group has been 
reported to be 0.22 to 0.33 »(5) and 200 to 
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FIG. 1. Air-dried preparation containing poly- 
styrene latex spheres (1) and elementary bodies 
of meningo-pneumonitis virus (2) in distilled wa- 
hens 

FIG. 2. Frozen-dried preparation containing 
polystyrene latex spheres (1), elementary bodies 
(2) and an elementary body ‘‘ghost’’ (2G) of 
meningo-pneumonitis virus in distilled water. 


300 mp(6,7) by collodion membrane filtra- 
tion. Analytic centrifugation of homogenous 
suspensions has furnished estimates of 250 
mp. for the diameter of the elementary bodies 
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(8). These values for the diameter of the 
hydrated particles are in good correspondence 
with the measurements of the frozen-dried ele- 
mentary bodies, indicating that the freeze- 
drying method preserves the shape and dimen- 
sions of the virus particles in close approxima- 
tion to the form in which they exist in suspen- 
sion. Since the virus particles contained 
within infected cells are probably spherical, 
diameter measurements of virus particles in 
sectioned cells may be expected to correspond 
more closely with those obtained from frozen- 
dried preparations than from air-dried speci- 
mens. The latter interpretation would seem 
to be confirmed by electron microscopy of thin 
sections of infected chorio-allantoic mem- 
branes by Gaylord(9) and in cells from in- 
fected tissue cultures examined by us and to 
be reported later. 


Summary. Preparation of elementary 
bodies of meningo-pneumonitis virus for elec- 
tron microscopy by freeze-drying provided 
spherical particles of 250 to 270 mp» diameter 
instead of the flattened particles of 380 to 
435 mp diameter obtained by mounting and 
air drying the specimen in the usual manner. 
The diameters of the frozen-dried particles 
corresponded well with diameters estimated by 
filtration and centrifugation of elementary 
bodies in the suspended state. Thus, the 
freeze-dry method preserved approximately 
the form and dimensions which the elementary 
bodies possessed in the hydrated state and 
probably in the infected cell. 
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Ammonia Levels in Blood and Cerebrospinal Fluid.* 


(21594) 


Writtram V. McDermort, Jr., RAyMoND D. Apams, AND ATHOL G. RIDDELL.t 
(Introduced by J. C. Aub.) 


From Departments of Surgery and Neurology, Harvard Medical School and the Surgical and 
Neurological Services, Massachusetts General Hospital. 


In recent months there has been a reawak- 
ening of interest in the metabolism of am- 
monia. Studies from this laboratory have 
emphasized that elevations in blood ammonia 
levels are invariably associated with “meat 
intoxication” in the Eck fistula dog(1) and 
with the episodes of stupor following the 
surgical construction of portacaval shunts in 
man(2,3). Several reports(3-9) have de- 
scribed gross disturbances in ammonia metab- 
olism in cases of liver disease with central ner- 
vous system symptoms. The existence of 
spontaneous or surgically constructed porta- 
caval shunts provides a mechanism whereby 
ammonia absorbed from the gastrointestinal 
tract may accumulate to abnormal levels in 
the peripheral blood, but the manner in which 
this abnormality might interfere with the nor- 
mal metabolic functions of the central ner- 
vous system is not clear. Despite this ap- 
parent connection between elevated ammonia 
levels in the peripheral blood and disturb- 
ances in brain function, there is little evidence 
available on ammonia levels in the cerebro- 
spinal fluid. Riebling(10) reported that ele- 
vations in ammonia level in cerebrospinal 
fluid occurred in patients with epilepsy who 
were having convulsive seizures. Harris(11) 
reinvestigated this problem and was unable 
to confirm these observations. He pointed 
out that the method of measuring ammonia 
employed by Riebling did not take into con- 
sideration the release of ammonia from gluta- 
mine, known to be present in cerebrospinal 
fluid. Using Conway’s micro-diffusion tech- 
nic of measuring ammonia(12), he concluded 
that no free ammonia exists in normal cere- 
brospinal fluid nor is there an elevation of 


* These studies supported by grant from the Na- 
tional Institutes of Health, U. S. Public Health Serv- 
ice. 

+ Bilton Pollard Fellow, University College Hos- 
pital, London. Present address: Royal Infirmary, 
Manchester, England. 


ammonia in the presence of convulsive seiz- 
ures. Richter and associates(13) reached 
similar conclusions. The only record of am- 
monia content in the cerebrospinal fluid in 
hepatic disease is made by Fuld(14) who 
failed to detect any free ammonia in the one 
patient he observed. 

Methods. Patients undergoing surgery 
which required a spinal anesthesia and who 
had no demonstrable liver disease were util- 
ized as controls. Simultaneous measurements 
were made of ammonia levels in peripheral 
blood and in cerebrospinal fluid. To study 
ammonia metabolism in patients with hepatic 
disease, 22 simultaneous measurements of 
ammonia levels in blood and spinal fluid were 
made on 14 patients undergoing surgery for 
portal hypertension or who were under ob- 
servation and treatment for known liver dis- 
ease. Levels of ammonia in both blood and 
cerebrospinal fluid were determined by a pre- 
viously reported modification(2) of the 
microdiffusion technic described by Conway 
(12). In this method a 10-minute diffusion 
time is employed that automatically elimi- 
nates any appreciable error which might be 
caused by liberation of ammonia from gluta- 
mine. Richter and his co-workers(13) have 
shown that the rate of liberation of ammonia 
by alkaline hydrolysis of glutamine is .001 
mg ammonia per mg glutamine per hour at 
20°C. Similar observations have been made 
in this laboratory and it is therefore felt that 
the existence of glutamine in cerebrospinal 


TABLE I. Ammonia Concentration in Normal 
Human Blood and Normal Cerebrospinal Fluid. 
Normal human blood 

No. of subjects examined 20 

Range 44-71 1 % 

Mean 55.6 y % 
Normal cerebrospinal fluid 

No. of subjects examined Th 

Range 0-14.7 y % 

Mean 6.4 17% 
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TABLE II. Simultaneous Measurements of Ammonia Levels in Blood and Cerebrospinal Fluid 
in Patients without Evidence of Liver Disease or Portal Hypertension. 
ee—s—o—sas$0—00@$$0— —XOOOOoOooooTwooooo—o 


ug NH;-N/100 ee 


Patient Disease and/or operation Date Blood CSF 

Com Orchidectomy and transurethral resection for can- 6/24/53 51 9 
cer of prostate 

INE Transurethral resection for benign prostatie 26 65 4.8 
hypertrophy 

AS. Ureterolithotomy 30 54 14.7 

ARSV is Appendectomy yf 8 59.3 2.7 

Gt. Suprapubic prostatectomy for benign prostatic 8/12 60 7.8 
hypertrophy 

R.C. Ureterolithotomy 


TABLE III. Simultaneous Measurements of Ammonia Levels in Blood and Cerebrospinal Fluid 
in Patients with Portal Hypertension and/or Liver Disease. 


ug NH;-N/100 ee 


Patient Disease and/or operation Date Blood CSF 

E.E. During portacaval shunt for portal hypertension 1/ 8/53 100 26 

8 102 35 

ES. Terminal phase of alcoholic cirrhosis. Stuporous 16 192 153: 

M.G. Alcohol cirrhosis. Progressive disorientation 6/26 132 16 

and stupor 27 173 52 

R.N. Alcoholic cirrhosis in coma. Recovering 26 326 213 

28 alge 92 

A MALY During splenorenal shunt for cirrhosis and por- 2/1 99 36 

tal hypertension 1 191 54 

TG. Idem 3/138 103 89 

E.G. Hs 18 130 62 

18 109 71 

L.W. 4 24 95 52 

24 66 55 

S.B. Cirrhosis of liver on high protein diet. Confused 31 267 162 

and stuporous 4/ 7 327 209 

wees Cirrhosis of liver. Recovering from coma 7 170 116 

Iba During portacayval shunt for cirrhosis of liver 5/ 4 152 105 

4 115 90 

TBE 4 yr after portacaval shunt. Chronic confusion 5 240 99 

and apathy 

M.P. During splenorenal shunt for portal hyperten- O/ Il 136 33 
sion and cirrhosis 

AS Lis Idem 23 135 58 


fluid does not introduce an appreciable error 
in the measurement of ammonia levels if this 
technic is employed. 

The results of these observations are shown 
in Tables I, II, and III, and the correlation 
between levels of ammonia in peripheral blood 
and in cerebrospinal fluid is shown diagram- 
matically in Fig. 1. 

In patients used as controls and whose per- 
ipheral blood ammonia levels were within the 
normal range for this method, no appreciable 
amounts of ammonia could be detected in the 


cerebrospinal fluid (Table II). It is felt that 
the very small amounts (up to 14.7 pg %) 
represent an inevitable minor contamination 
with tissue fluids during manipulation of in- 
troducing a needle into the spinal canal. 
Therefore these observations are in complete 
agreement with those of Harris who found no 
appreciable amounts of ammonia in cerebro- 
spinal fluid. 

In patients with known disease of the liver 
or portal circulation, however, a different 
situation existed. All these patients except 
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Correlation Coefficient 0.85 
Equation for Curve Y=.69 X-20 


GSE NHy-N MICROGRAMS % 


100 200 300 400 
BLOOD NH,-N MICROGRAMS % 


FIG. 1. Correlation between simultaneous meas- 

urements of ammonia in blood and cerebrospinal 

fluid in all patients (with and without liver 
disease) studied. 


one had abnormally elevated ammonia levels 
in the peripheral blood, and measurements of 
ammonia levels in cerebrospinal fluid showed 
that there was a corresponding elevation al- 
though the levels were consistently lower than 
those found in peripheral blood (Table III). 
In Fig. 1 the correlation between ammonia 
levels in peripheral blood and in cerebrospinal 
fluid is charted diagrammatically. The line 
calculated to show the relationship between 
these levels demonstrates this excellent cor- 
relation. This line however, does not pass 
through the zero point but crosses the ab- 
scissa, which represents the peripheral blood 
level, at 30 pg %. The significance of this 
observation will be discussed later. 
Discussion. In confirmation of previous 
reports no appreciable amount of ammonia 
was found in cerebrospinal fluid of normal in- 
dividuals. In patients with disease of the 
liver and portal circulation, however, distinct 
elevations of ammonia levels in the cerebro- 
spinal fluid occur, and these levels bear a di- 
rect relationship to concomitant elevations of 
ammonia as measured in peripheral blood. In 
no case however, was the ammonia level in 
spinal fluid as high as in peripheral blood. 
These observations suggest that in normal 
individuals there is a substance in peripheral 
blood which can liberate ammonia under con- 
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ditions of this hydrolysis and that this sub- 
stance does not exist in cerebrospinal fluid. 
In all probability this substance is adenosine 
as has been suggested by Conway(15). Un- 
der conditions in which there is a disorder in 
ammonia metabolism however, and abnormal 
levels are found in the peripheral blood, a 
corresponding though lesser elevation occurs 
in cerebrospinal fluid. Presumably there- 
fore, regardless of the chemical form in which 
this abnormal ammonia is transported in the 
circulation, it is consistently diffusible into 
the cerebrospinal fluid. From these data it is 
not possible to say whether or not the ab- 
normal elevations in ammonia are the result 
of or the cause of the disturbances in brain 
physiology which obviously exist in the pres- 
ence of severe liver disease. Nonetheless, 
correlating these observations with the data 
previously reported from this and other lab- 
oratories, it would appear that in the presence 
of disease of the liver or portal circulation 
ammonia metabolism is disturbed in such a 
way as to permit abnormal elevations in 
peripheral blood. These elevations are re- 
flected in abnormal concentrations of am- 
monia which exist in cerebrospinal fluid un- 
der these same conditions, and in all proba- 
bility some of the neurological svmptoms at- 
tendant upon severe liver disease or upon the 
existence of spontaneous or surgically con- 
structed Eck fistulas are directly due to the 
toxic effect of ammonia on the central nervous 
system. It is relevant to point out that all 
5 cases in Table III in which the spinal fluid 
ammonia level was greater than 105 pg % 
had significant disturbances of the central 
nervous system. 


Conclusions. 1. No appreciable ammonia 
exists in the cerebrospinal fluid of normal in- 
dividuals. 2. In disease of the liver or portal 
circulation abnormal elevations in the level — 
of ammonia in peripheral blood may occur, 
and these are accompanied by corresponding 
but lesser elevations in levels of ammonia in 
the cerebrospinal fluid. 3. The significance 
of these observations is discussed. 
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Since the use of carbon-14 as a tracer ele- 
ment in humans has become accepted and im- 
portant(1-4), more adequate methods for low 
level radioactive measurements have been de- 
veloped(5-8). This has been necessary be- 
cause in experiments in man, high dilution of 
injected activity is common and radioactive 
doses are limited by health hazards. In this 
paper, equipment is described for the separa- 
tion by a physical method of carbon dioxide 
from the expired breath of patients given C14- 
labeled compounds and the radioassay of this 
COs by a series of large size ionization cham- 
bers. This method depends on the analysis 
of large samples which permits in spite of low 
specific -activity C1, reliable assay of radio- 
active samples. 

A normal human breathes some 5-7 liters of 
air per minute, which contains some 100 to 
200 cc of carbon dioxide at NTP. Almost all 
of this carbon dioxide comes from his body 
metabolism in a well ventilated room. It is a 
slow process to absorb in alkali the carbon 
dioxide from this air, precipitate the COz as 
barium carbonate, which is finally converted 
into pure CO» to be introduced into large size 
ionization chambers (500 cc and _ larger). 


Furthermore, such a procedure usually intro- 
duces a large radioactive contamination, 
largely due to radon, which is in equilibrium 
with the trace amounts of radium that are 
present as contaminants even in carefully 
purified barium or calcium compounds. 
Experimental. Equipment for the direct 
separation of the CO, from the air by physi- 
cal means on a vacuum line has been devised 
and is shown in Fig. 1. In this apparatus a 
2-way valve system admits fresh air to the 
patient’s face mask or B.M.R. mouthpiece 
and passes this air out through a large (10 
mm bore) stopcock, a short ice water cooled 
condenser, and into the large balloon.t Air 
is withdrawn from this system through trap 
A, which is cooled in liquid air or nitrogen 
and exhausted to a house vacuum. The con- 
struction of this trap is rather important, as 
it must be able to condense all the COz from 
air which should conveniently flow through 
at about 5 liters/min. The quantitative con- 
densation of the COs is accomplished by 
means of the spiral trap coupled with a sin- 
tered glass disk filter. Much of the con- 
densible material in the air is cooled to a 
solid particle state suspended in the air. At 


* The work described in this paper was sponsored 
by the U. S. Atomic Energy Commission. 


t+ Weather Bureau observation balloon, about 2 
feet diameter when filled loosely. 
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high flow rates of gas these are normally 
blown through a trap, but the addition of the 
sintered disk filters out these particles, and an 
excellent recovery of the COs is achieved(9). 
This step separates nitrogen and oxygen from 
COs, water, and other gases condensible in a 
liquid nitrogen cooled trap. After a desired 
amount of air has been processed, trap A is 
evacuated and the contents allowed to warm 
and pass through trap B, which is cooled in 
an isopropyl alcohol-Dry Ice mixture, and 
finally condenses in trap C, which is cooled 
with liquid nitrogen. Trap B is constructed 
similarly to trap A, but may be made of 
smaller size glass tubing. This step removes 
water from the carbon dioxide. The COs is 
then allowed to volatilize into the closed-off 
evacuated system, and in so doing passes 
through a 1 x 10 cm section of activated char- 
coal, D,+ until the ionization chamber is filled 
to 76 cm Hg pressure. The absorption of 
COy» on this charcoal trap is not large and its 
important function is to remove radon, a 
short half-life alpha radioactive element. 
Radon has melting and boiling points very 
close to the sublimation point of COs and is 
not removed by any of the previous steps. 
The amount of radon in the air varies a great 


t The activated charcoal was taken from a gas 
mask chemical cartridge, Cat. No. DR-44135, Mine 
Safety Appliances Co., Pittsburgh, Pa. 
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eparation of CO, from exhaled air. 


deal and depends on the nature of the sur- 
roundings. Thus, concrete buildings in the 
West have been noted for large radon concen- 
trations due to the uranium content of many 
of the western sands. Unless the radon is 
carefully removed from the COs in the ex- 
periments described in this paper, no correc- 
tion for a emission can be made and the sen- 
sitivity of the method is greatly decreased. 
The radon in the carbon dioxide, however, 
may be easily absorbed on clean degassed 
charcoal at room temperatures. Furthermore, 
it is not necessary to use new charcoal for 
each sample, since radon may be desorbed by 
heating the charcoal to 200°C in an evacuated 
system (10 mw pressure). This heating is 
easily accomplished by wrapping the charcoal 
section with a nichrome wire in asbestos 
which can be electrically heated. 

The ionization chamber measurements dis- 
cussed in this paper were made with a vibrat- 
ing reed electrometer’ and continuous re- 
corder!l using the rate of drift method(10). 
An automatic grounding mechanism returns 
the center electrode to ground potential when- 
ever it reaches the limit of the chart scale, so 
that continuous traces for several hours at a 


§ Vibrating reed electrometer, 
Corp., Pasadena, Calif. 

|| Brown potentiometer recorder, 0-25 mv., Minne- 
apolis Honeywell Regulator Co., Philadelphia, Pa. 
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FIG. 2. Cylindrical ionization chamber with a 
29/42-24/40 short glass bushing adapter. 


time can be made and analyzed. In the 
analysis the drift with and without a’s is 
measured for 10-minute intervals for at least 
2 hours. By this method any instrument vari- 
ations such as insulator hysteresis currents 
can be detected. Only after constant drift 
rates are reached is the data used. 


A series of chambers were constructed from 
450 to 1500 cc in volume and compared with 
a 100 cc chamber in common usage(5,7). 
The sizes and characteristics of the chambers 
are listed in Table I and the general design 
shown in Fig. 2. The collecting electrode in- 
sulators were purchased from the Applied 
Physics Corporation! and were equipped with 
a sapphire insulator. 


Discussion. The background current of an 
ionization chamber is due to insulator drift 
current plus ionization current derived from 
cosmic rays, radiation emitted from chamber 
walls and activity in the chamber gas. When 
an ionization chamber current is analyzed 
with a sensitive electrometer and continuous 
recorder, the a contribution derived from the 
chamber walls and gas may be subtracted if 
such events are not numerous. The effects of 
other radiations can not be so easily elim- 
inated. 


{| Applied Physics Corp., Pasadena, Calif. 
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The efficiency of the production of ion pairs 
in an ionization chamber at constant pressure 
for soft 6 radioactivity will increase with size 
of the chamber, rapidly if the dimensions of 
the chamber are small compared to the range 
of the particle, and less rapidly when the beta 
range is small compared to chamber size. 

As the size of the ionization chamber is in- 
creased, therefore, the sensitivity of the radio- 
active assay will be increased due to the fol- 
lowing factors: 1) increased precision of 
measurements of electrical potentials for 
higher drift rates, achieved mostly through 
reduction in importance of short term instru- 
ment variation, such as tube noise and insu- 
lator hysteresis; 2) more efficient absorption 
of 8 particles in the gas, and therefore more 
ion pair production per beta particle; 3) rela- 
tive decrease in background from chamber 
wall material as compared to activity from 
the sample. Increasing the size of the sam- 
ple does not influence the ratio of sample ac- 
tivity to cosmic ray background. 

For a given set of physical conditions there 
must be, therefore, a certain size of ionization 
chamber, beyond which further volume in- 
crease will give only slight advantages. The 
major source of error at low drift rates in 
ionization chambers is instrument variation, 
probably mostly due to insulator hysteresis. 
This effect may be largely due to deformation 
of the insulator by pressure changes(11). 
When this variation in drift rate, + 0.05 
mv/min., is equal to the precision of the elec- 
trical instruments, which is about + 1%; 
further size increase gives no improved sensi- 
tivity. The limiting sensitivity for this work 
occurs at about 4 mv/min. which is the drift 
rate for the 1000 cc chamber. 

In carbon dioxide at one atmosphere pres- 
sure the maximum range of the C'-8 particle 
is 15.5 cm and the average range is 5 cm 
(Emax = 0.154. mev., or 27.9 mg/cm?, Eav 
= 0.050 mev. Density of COs is about 1.8 
mg/cm? at 25°C). The dimensions of the 
1000 cc ionization chamber are of the same 
order of magnitude as the average range of 
the C14-8 particle, in agreement with the data | 
in Table I. The sensitivity of this size cham- 
ber (about 0.001 dis/min./mg BaCO3) 
makes it quite possible to carry out extensive 
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METABOLISM OF GLYCINE-2-C1# 


TABLE I. Chamber Size vs. Collection Voltage and Sensitivity.* 


ee 


Chamber size Beginning 


Equiv. value of 
Sensitivity in background in 


~ of plateau Voltage dis./min./mg dis./min./mg Bg in my/mii. 

Diam. Length Vol,ce  voltaget used BaCO, BaCOs; drift rate 
HO STH 100 22 90 .O1 07 50 
3.25 3.0 ¢ 450 135 270 004 04 1.80 
3.25 3.5 500 135 270 004 .05 2.20 
4.75 3.5 1000 30 60 001 04 4.10 
3.75 5.5 1000 30 60 001 04 4.20 
5.25 4.25 1500 30 60 .002 04 6.40 
42.5 6.5 1500 90 180 .002 04 6.30 


* All values are with a background subtracted. 
+ Distance between end of the probe and tip of the chamber were not kept constant. 


t+ Made with a rounded top of 1.5/8” radius. 


experiments in humans with as little as one 
microcurie of carbon-14. 

Summary. An apparatus for the physical 
separation and purification of CO. from hu- 
man breath is described. These CO samples 
have been measured in a series of ionization 
chambers varying from 100 to 1500 cc. The 
optimum sample size was found to be 1000 
cc for these unshielded-atmospheric pressure 
ionization chambers. With such equipment it 
is possible to carry out experiments in hu- 
mans with as little as one microcurie of car- 
bon-14. 
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Pulmonary Excretion of C™O.,.* 
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N. I. BerRL1In AND B. M. TorsBert. 


From Section on Research Medicine, Donner Laboratory and Radiation Laboratory, 
University of California, Berkeley. 


In a previous communication it was report- 
ed that the rate of excretion of C™ via the 
lungs, as C!Os, following the administration 
of glycine-2-C'*, may be conveniently de- 
scribed in terms of 3 rate processes having 
average time of 2.9 hours, 31 hours and 240 


* These studies supported by grant from the U. S. 
Public Health Service and the U. S. Atomic Energy 
Commission. 


hours, respectively(1). It was postulated 
that another component of C' pulmonary ex- 
cretion was present, having a half time greater 
than 90 days. Autopsy data on one patient 
at 526 days after administration indicated 
that there was a measurable amount (approx- 
imately 1% to 2% of the administered 
amount of C'™) present at that time(2). It 
was also reported that the urinary C!™ excre- 
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TABLE I. Percent of Administered Dose Exereted and Half Time for Each of 5 Rate 
Processes.* 
6ea=<_<0"0_00—0—0000000—0_—00eE0—ao>O00—000N09. SS _—«-  eeeeeeeeeeqw_ eee 


i We Jal TeV A 
f (R) Tho T% TY TY% 

Patient (min. ) (days) % (days) % (days) J (days) % 
W.G. 12 .09 14.5 1.2 17.2 7.5 29.8 114 24.6 
HH. 19 stil 24.3 digit 13.9 9.8 27.9 13 20.1 
JM. 16 10 16.2 8 16.2 3.4 24.8 38 24.8 
W.G. 6 12 15.5 1.5 Wan 4.6 19.8 38 32.6 
E.F. 28 sly) 33.9 oo) Uctl 4.2 22.8 54 30.6 
F.W. 10 10 21.0 3 12.6 7.0 28.6 51 22.0 

Avg 12 20.8 ii 14.2 6.1 25.6 TA S2On7 


Pulmonary excretion and half time values for metabolism of C-14 administered as glycine- 


2-C-14 in man.* 


* The slope of component (R) is positive, while the other 4 components are, of course, nega- 


tive. 


tion amounts to approximately 12% of the 
dose, and could be conveniently described in 
terms of 3 rate components having average 
half times of one-quarter, 244 and 53 days, 
respectively(3). At that time, it was thought 
that approximately 98% of the administered 
C1 could be accounted for in terms of the 
then known pulmonary and urinary excretion 
rates. With improvements in the method 
for measuring the specific activity of the ex- 
haled carbon dioxide, it became possible to 
study the long term excretion of C1 in the 
breath. The present study was designed to 
determine if there was a component of ex- 
cretion in the breath with a half time longer 
than 10 days, and to measure its magnitude. 


Methods. Six patients given methylene 
C™ labeled glycine (100 uc in 8-12 mg gly- 
cine) for the determination of the life span 
of the red cell were studied. For the first 18 
to 20 samples the CO. was absorbed in so- 
dium hydroxide solution and then precipi- 
tated as barium carbonate, as reported pre- 
viously(1). Later samples were collected by 
a method designed to remove the carbon di- 
oxide directly from the exhaled breath and 
then to fill the ionization chamber with this 
carbon dioxide(4). This method permits the 
collection of a breath sample over a 10 min- 
ute period and subsequent use of a 500 cc 
ionization chamber, as compared to a 100 cc 
ionization chamber. This larger ionization 
chamber permits the lowering of the limit of 
resolution for the measurement of COs by 
approximately a factor of 10. The 6 patients 
were followed up to 330 days after the ad- 


ministration of 100 we of glycine-2 C™. 

Results. Results are presented in Fig. 1 
and 2, and Table I. Fig. 1 shows the spe- 
cific activity of the expired carbon dioxide 
as a function of time in patient #1 for the 
slowest 3 components. This study shows that 
there is indeed a component of pulmonary 
excretion with a half time greater than 10 
days. This longer component has a half time 
of from 38 to 134 days and averages 71.5 
days. Integration of the area under the 
curves for the specific activity shows that in 
these patients an average of 25.7% (with a 
range of 20% to 33%) of the C' that is ex- 
creted through the breath is excreted in this 
slowest (fourth) component. 

In the first communication, it was stated 
that the maximum specific activity of the ex- 
pired breath occurred within the first hour 
following injection. In these 6 patients, a 
sufficient number of samples were taken to 
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FIG. 1. Specifie activity of the breath in patient 
#1 in dis./min./mg/BaCO;. Decreasing component 
1 is not shown, 


SPECIFIC ACTIVITY OF BREATH 


° 2 4 6 8 10 12 
HOURS 


FIG. 2. Specific activity of the breath in patient 

1 for the first 12 hours in dis./min./mg/BaCO,. 

Increasing component and decreasing component 
1 are shown. 


measure the rate at which this maximum oc- 
curred. Figure 2 shows this portion of the 
curve of patient #1. For analysis it may be 
assumed that for this brief period of time, one 
to 2 hours after administration, that the curve 
represents one which can be described by the 
following equation: 
Ni = N; (1-e KS) 

where 

N: = specific activity at time t. 

N; = maximum specific activity. 

k = rate constant. 

The half time for the rising portion of the 
curve has an average value of 15 minutes. 


Discussion. Since in previous communica- 
tions(1-3) it was reported that 98% of the 
administered C' could be accounted for by 
the first 3 rate processes in the pulmonary ex- 
cretion and by the complete urinary excre- 
tion, it becomes evident with the finding of 
the fourth pulmonary component of Cl ex- 
cretion that the amount that can be accounted 
for becomes approximately 15% to 20% 
greater than the amount administered. A 
careful review of the methods of the calcula- 
tion of the amount excreted shows there is 
one significant fact that may be consistently 
overestimated. For the integration of the 
area under the curve in Fig. 1 and 2 to deter- 
mine the cumulative C™* pulmonary excretion, 
it is necessary to know the total amount of 
carbon excreted per minute. This has been 
determined in all the patients reported here 
and previously by collecting the breath 
through a device shown in the first paper and 
measuring the amount of barium carbonate 
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produced in a measured period of time. It 
was thought by taking a large number of sam- 
ples (20) over a period of 10 days after ad- 
ministration that a reasonably average figure 
would be obtained. Although the data shows 
some variation from sample to sample in 
given individuals, what is probably more im- 
portant is most of these samples were taken 
during the waking hours, and in computing 
the average we have not included the sleeping 
hours when the rate of production of CO: 
may be decreased in these patients. A second 
factor not previously known to be as signifi- 
cant as it now appears, is the influence of ex- 
traneous stimuli on the rate of COs produc- 
tion. Siri(5) in this laboratory, using a modi- 
fication of the thermal conductivity gas anal- 
ysis method of Berg and Cook(6) has shown 
that mild external auditory or visual stimuli, 
such as the closing of a door, are capable of 
producing a significant increase in the rate 
of COs production in resting individuals. It 
has been further noted that some patients, de- 
spite careful instructions to breathe naturally, 
will attempt to do a good job by filling the 
balloon. 

In graphically integrating the values ob- 
tained in the first 4 patients(1), the findings 
of the slowest component, which has an aver- 
age half time of 10 days, should be compared 
with the average half time, 6.1 days, deter- 
mined for that component in the presently re- 
ported 6 patients. The graphic calculation 
of this third component, as originally re- 
ported, was undoubtedly influenced by the 
presence of the slowest component which was 
too small to measure directly. The net result 
of having this slowest component (fourth) in- 
cluded in the calculation of the half time for 
the third component is to decrease the slope 
and thus give a longer half life. 

There are comparatively few studies of the 
variation of the rate of CO2 production during 
the day(7-9). However, it has been clearly 
demonstrated in the few individuals studied 
that the CO, production rate at night is con- 
siderably lower than in the day(8,9). There 
is one study in a patient with leukemia in 
which the COs production during the night 
time was considerably greater than has been 
reported for normals. However, this data is 
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quite old, 1869, and only one individual was 
studied. 

A third factor is the possibility of a sys- 
tematic error in the radioactivity determina- 
tion, especially at low activity levels. Analysis 
of the methods used does not show any con- 
sistent error trend, but integration of small 
values for long periods of time may lead to 
appreciable cumulative errors. Previous stud- 
ies with animals have shown that a quantita- 
tive accounting of the administered dose, both 
excretion and amount present in the tissues, 
will often vary from 95% to 110%. Thus, in 
the present instance, we have not exceeded 
the limits of excretion which have been found 
in animal studies. 

These factors: 1) Taking the samples dur- 
ing the day time when the excretion of COs 
may be higher than in the night time, and 2) 
the psychological factor of breathing into. a 
balloon and the effect of extraneous stimuli all 
tend to increase the rate of production of COs, 
and thus, probably accounts in large measure 
for the over-estimation of the amount ex- 
creted. 

While this finding of a fourth breath com- 
ponent will influence the calculation of the 
average radiation dose delivered to tissue 
shown previously(3), it will merely tend to 
shift the curves somewhat, so that a longer 
period of time will be required to reach the 
level of background radiation (Fig. 3). It 
does not in any way negate the general con- 
clusion that after a period of time (approxi- 
mately 200 days) the average C1 specific 
activity of all the tissues will reach a value 
equivalent to that of natural background ra- 
diation. This demonstrates that this long- 
lived isotope, may be safely used in clinical 
investigation, provided the compound is either 
excreted or metabolized. 

It is now believed that we have presented 
an overall picture of the pulmonary C'* ex- 
cretion, and that it may be described in terms 
of one increasing component and four decreas- 
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FIG. 3. Avg tissue radiation following adminis- 
tration of 100 me of C-14 as glycine-2-C-14. 


ing components. 

Conclusion. The fourth component of pul- 
monary excretion after the intravenous injec- 
tion of glycine-2 C1* has been determined and 
found to have an average half time of 71.5 
days. Recalculation of the half time and asso- 
ciated C' excretion shows that decreasing 
component I has an average half time of 0.12 
day and that 20.8% of the C™ is excreted 
with this rate process. For the others the half 
times and percentages are 0.97 day, 14.2%; 
6.1 days, 25.6%, and 71.5 days, 25.7%. 
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GriBert S. CAMPBELL,| NorMAN W. Crisp, JR., AND E: B. Brown, Jr. 
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There have been many different approaches 
towards the goal of open cardiac surgery in 
humans, and significant contributions have 
been made by numerous investigators. Six- 
teen years ago Gibbon(1) reported pro- 
longed healthy survival of dogs in which all 
the blood flow through the heart and lungs 
was completely interrupted by clamping the 
pulmonary artery for as long as 20 minutes, 
while cardiorespiratory functions were main- 
tained by an extracorporeal circuit. Mechani- 
cal extracorporeal pump-oxygenators have re- 
ceived widespread experimental study(2-4) 
but as yet clinical success with such systems 
is relatively rare. Others(5-7) have attempt- 
ed total cardiac by-pass by means of me- 
chanical pumps and biologic oxygenators 
(autologous and homologous lungs).  Pul- 
monary edema in biologic oxygenators as well 
as post-operative hemorrhagic tendencies in 
experimental animals carried on either arti- 
ficial or biologic oxygenators have been trou- 
blesome. Andreasen and Watson(8) estab- 
lished the azygos flow concept, 7.e. ability of 
dogs to withstand 30 minutes of complete 
vena caval occlusion if the flow through the 
azygos vein into the heart was maintained, 
and these same workers described the con- 
trolled cross-circulation method(9). This 
work was confirmed and clinically applied by 
Warden, Cohen, Read and Lillehei(10). 

The current investigation was undertaken 
in an attempt to develop a technic of cardiac 
by-pass which would embody the principles 
of Andreasen and Watson but circumvent the 
use of a donor. 

Methods. Unaged stock mongrel dogs were 
intravenously anesthetized with 2.5% sodium 
pentobarbital (25-30 mg/kg) and given intra- 
venous atropine grains 1/100 preoperatively. 
Intermittent positive pressure ventilation was 
administered through a cuffed endotracheal 


* This investigation supported in part by grant 
from the U. S. Public Health Service and Graduate 
School, University of Minnesota. 

+ Markle Scholar in Medical Sciences. 


tube and thoracotomy was made through the 
right fifth interspace. The vena cavae and 
azygos vein were identified and large ligatures 
looped loosely around these vessels (Fig. 1). 
Either the right cardiac or the right diaphrag- 
matic lung lobe was removed and placed in 


FIG. 1. Venous blood aspirated from vena cavae 

(A) through pump (B) to depulsator (C) to pulm. 

a. of lung in chamber (D) via open pulm. vy. to 

flow-meter and reservoir (E), and thence to pump 
(B) and to aorta (A). 
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the methyl methacrylate chamber. The ex- 
tracorporeal circuit was primed with sterile 
normal saline in the arterial side and with 
blood in the venous side (i.e. the side leading 
to the isolated lung lobe which had a cannula 
in its pulmonary artery). The capacity of 
the extra-corporeal system was 175-200 cc 
depending on length of plastic tubing used. 
A large cannula was inserted into the bron- 
chus of the isolated lobe and the lobe subse- 
quently ventilated with 100% oxygen at a rate 
of 12-18/minute with intermittent positive 
pressure of 14-16 cm of water. The dogs were 
given heparin intravenously (1 mg/kg body 
wt). Plastic cannulae (#12-14 French) were 
inserted into the right jugular vein and right 
carotid artery of the experimental animals 
and positioned as in Fig. 1. After clamping 
the azygos vein, the pump was started and 
the venous pick-up from the animals’ vena 
cavae was equated against the arterial return 
to the animal’s aorta by tightening either 
clamps a; or ay (Fig. 1). Concomitant with 
starting the pump, the isolated lung lobe was 
ventilated and the dog disconnected from the 
respirator. Within a few minutes the tapes 
on the vena cavae were tightened thereby ini- 
tiating total cardiac by-pass. Total cardiac 
by-pass was maintained for 30-35 minutes 
and blood samples drawn just prior to termin- 
ation of total by-pass period. Arterial blood 
samples were drawn from the left femoral ar- 
tery cannula which was otherwise connected 
to a Statham Strain gauge for blood pressure 
recordings, and venous samples were drawn 
simultaneously from the venous limb of the 
extracorporeal system. Perfusion pressure in 
the pulmonary artery of isolated lobe was 
measured with a Statham Strain gauge, and 
in the latter part of study a depulsator was 
employed on the pulmonary artery limb of 
the circuit to protect the lobe from high pump 
ejection pressure transmitted through the rig- 
id extracorporeal plastic tubing. After re- 
lease of the vena cavae tapes, the pump was 
kept in motion for 1-2 minutes and the resid- 
ual blood in the arterial limb of extracorpor- 
eal circuit was thus returned to the dog. Pro- 
tamine sulfate (1 mg/kg) was administered 
intravenously in 100 cc normal saline over a 
5-10 minute period after release of the by- 
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TABLE I. Total Cardiac By-Pass Utilizing Auto- 
logous Lobe Oxygenator, in 10 Dogs. Immediate 
survival in all. 


By-pass flow Early deaths Long term 


Wt (kg) (cce/kg) (<4 wk) survivors 
18.6 17 Wes 
14.1 30 3 hr* 

15.9 38 aye Dy 

ish 34 ) days D 

18.2 33 Idem 

16.8 36 2 

20.9 28 Yes 
ed 34 « 
15.0 40 

14.1 27 


* Air embolism. t D = Distemper. 

pass, and in most cases blood transfusions 
were not given. The neck cannulae were re- 
moved after the by-pass and the jugular and 
carotid vessels ligated. The dog’s rectal tem- 
perature dropped 2 to 3°C during the by- 
pass, and no attempt was made to offset this 
temperature drop. The chest wound was 
closed and residual air and/or fluid was re- 
moved via a chest catheter. These experi- 
ments were carried out under clean but not 
strictly aseptic conditions. Blood pH was 
measured with a glass electrode under anae- 
robic conditions at 37°C (11) and total blood 
CO» content determinations were made with 
the Van Slyke manometric apparatus. Know- 
ing the pH and the total COs content, CO» 
tension, carbonic acid and bicarbonate con- 
centrations were calculated utilizing the Hen- 
derson-Hasselbalch equation. Platelet counts, 
clotting times (Lee-White), prothrombin 
times (Simplastin) and hemoglobins were de- 
termined in some experiments. Electrocar- 
diograms were taken simultaneously with 
femoral artery pressure recording of the dog 
and the pulmonary artery perfusion pressure 
of the isolated lung lobe. Blood flows during 
total cardiac by-pass were measured after 


TABLE II. Total Cardiae By-Pass Utilizing Auto- 
logous Lobe Oxygenator. 


End of by-pass 
Control —————————_, Recovery 
arterial Arterial Venous arterial 


pH Waod wire poman Glee ioe 
CO, (mM/1) DO ue 1S Ose holley ed Ord 
pCO, Qnm Hg) = 43 37 59 38 
HCO. (mM/1) 20.8 145 199 18.5 
O, (vol %) 20.7 20.8 Tilt 4170 
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equating venous aspiration from the dog with 
arterial return to the dog. Then by clamping 
the venous pick-up side from the dog, the 
blood level in the vertical tube below the 
lung chamber would fall, and the rate of fall 
was timed with a stop watch. Several flow 
measurements were made during the 30-35 
minute by-pass periods. No cardiotomies 
were done. 

Results. Ten dogs were subjected to 30 
minutes of total cardiac by-pass employing a 
mechanical pump and an isolated autologous 
lung lobe oxygenator (Table 1). The average 
flow was 32 cc/kg/min. and with this de- 
creased flow the dogs’ systolic blood pressure 
dropped from a control of 155 mm Hg to 75 
mm Hg. Upon release of the inflow occlusion 
to the right heart the systolic blood pressure 
rose to 140 mm Hg within 10 minutes. Ar- 
terial blood pH fell 0.07 unit during the 30 
plus minutes of extra-corporeal cardiorespira- 
tory maintenance. Table II shows the de- 
gree of metabolic acidosis and the increased 
arterio-venous oxygen differences resulting 
from the decreased flows. Pulmonary edema 
was absent or relatively slight in the 10 autol- 
ogous lobes. The average increase in lung 
lobe weight was 40 g and the adequacy of its 
gaseous exchange ability at the end of the by- 
‘pass is supported by the data in Table II. 

Homologous isolated lung lobes were used 
as oxygenator in 10 dogs (Table III) and 
these homologous lobes functioned as well as 
the autologous lobes as shown by Table IV. 
Death from cerebral edema was probably due 
to repeated occlusion of the venous pick-up 
limb from the dog for periods as long as 40 


TABLE III. Total Cardiac By-Pass Utilizing 
Homologous Lobe Oxygenator, in 10 Dogs. Im- 
mediate survival in all. 


By-pass flow Early deaths Long term 


Wt (kg) 


(ec/kg) (<4 wk) survivors 
25.4 16 Yes 
16.3 37 a 
13.4 34 3 hr Dt 
10.4 60 : 
8.2 27 ey 
10.0 33 < 
11.4 35 3 hr* 
12.7 39 24” D 
15.4 48 ” Asp. pneum. 
14.5 28 24.77 D 


* Cerebral edema. + D = Distemper. 
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TABLE IV. Total Cardiae By-Pass Utilizing 
Homologous Lobe Oxygenator. 


End of by-pass 
Control —————————,, Recovery 
arterial Arterial Venous arterial 


pH Tiga. AG wae rs 7.22 
CO, (mM /1) 24.2 14.7 19.5 16.0 
pCO, (mmHg) 48 31 57 39 
HCO; (mM/1) 22.8 13.9 17.8 14.8 
O, (vol %) 18.3 19.5 6.9 16.9 
seconds. The imbalance in flows between the 


2 limbs through the pumps necessitated such 
clamping to equate arterial return to the dog 
with venous aspiration from the dog. Arterial 
inflow was continued during these periods 
thereby perfusing the brain without venous 
drainage from the brain. This difficulty has 
subsequently been avoided by a_ separate 
pump for each circuit of the extracorporeal 
system. 

In the first 4 homologous lobe experiments 
the depulsator was not used on the pulmonary 
artery limb of the extracorporeal circuit and 
the average weight gain in the lung lobes was 
54 g. The depulsator was employed in the 
last 6 homologous lobe experiments and the 
average weight gain in this group was 
only 24 g, 

The average extracorporeal flow in the 
homologous group was 38 cc/kg/minute and 
the systolic blood pressure dropped from a 
control level of 160 mm Hg to 75 mm Hg 
during the by-pass and returned to 120 mm 
Hg upon release of inflow occlusion. Mean 
pulmonary artery perfusion pressures of 20- 
40 mm Hg were noted throughout the 30 min- 
ute by-pass period. 

Control clotting times of 4 minutes were 
prolonged to 27 minutes immediately after the 
intravenous administration of heparin (1 mg/ 
kg), and the clotting time had fallen to an 
average of 11 minutes (autologous lobe 
group) and 8 minutes (homologous lobe 
group) by the end of the by-pass period. In- 
travenous protamine (1 mg/kg) lowered the 
clotting times to 6 minutes and none of the 
dogs in either group showed any hemorrhagic 
tendency. Prothrombin time increased from 
a control of 8 seconds to a post-operative 
level of 9 seconds and the blood platelet de- 
terminations for these periods were 187,000 
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and 100,000 respectively. Hemoglobin levels 
were essentially unchanged during the experi- 
ments, but perhaps the anticipated hemocon- 
centration was offset by fluid shift between 
extravascular and vascular compartments re- 
sulting from blood withdrawn into the extra- 
corporeal system and for samples. No EKG 
changes were noted. 

Discussion. Our results are in complete ac- 
cord with the azygos flow concept—i.e. the 
ability of dogs to withstand extracorporeal 
cardiorespiratory maintenance with blood 
flows appreciably less than normal cardiac 
outputs. 

Three major factors in our experiments 
which prevented or limited edema of the iso- 
lated lobe were (1) complete patency of the 
pulmonary veins—i.e. in order to prevent 
“back pressure” the veins were not cannulated, 
(2) depulsator between the pump and the pul- 
monary artery of the isolated lobe in order to 
protect the isolated lung from high pulmonary 
artery systolic pressures, (3) a sine wave type 
inflation of the isolated lobe at pressures of 
14-16 cm of water. A direct result of these 
modifications was the ability of the isolated 
lobe to tolerate much higher flows than was 
possible in earlier experiments in which a 
“closed” system was used (with pulmonary 
veins cannulated) (12). Another advantage of 
the “open” system employed herein is the 
ease with which arterial return can be equated 
with venous aspiration from the dogs. This 
is a dynamic balance which requires constant 
monitoring due to changes in venous pick-up, 
alterations in resistance through the lobe, and 
variation in resistance at the site of arterial 
return to the animal. Furthermore, flows 
can be determined repeatedly by clamping 
the venous aspiration limb of the extracor- 
poreal circuit and clocking the fall of the 
blood column in the vertical tube below the 
lobe housing. 

Employing the 3 safeguards against pul- 
monary edema noted earlier; dog lungs were 
perfused for 30 minutes with human blood 
with flows of 300 cc/minute and remained in 
good condition. Further studies on stored 
homologous lungs are in progress. 

Summary. 1. Dogs withstood and recov- 
ered from 30 minutes of total inflow occlusion 
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to the right heart with extracorporeal cardio- 
respiratory maintenance at an average flow 
of 35 cc/kg/minute. 2. Biologic oxygen- 
ators (autologous and homologous lung lobes) 
and a pump (Sigma-motor) were used and 
the following precautions seemed essential 
(a) patency of the pulmonary veins—i.e. no 
cannulization whatever, (b) depulsator in 
pulmonary artery perfusion limb of the cir- 
cuit, (c) care as to ventilatory mechanics of 
the isolated lobes. 3. The ‘open’ system 
employed herein permitted rather exact bal- 
ance between venous aspiration from by- 
passed dogs and arterial return to the dogs, 
and enabled flow measurements to be made. 

Note added in proof. Since submission of 
this manuscript, human blood has been per- 
fused through the isolated dog lung with flows 
up to 1400 cc/minute, and the clinical applica- 
bility of this system (pump-biological oxygen- 
ator) as a means of cardio-respiratory main- 
tenance during cardiac by-pass has been tested 
by the successful closure of a traumatic inter- 
ventricular septal defect in a 55 kg male. In 
this patient the heart was partially by-passed 
for 20 minutes and totally by-passed for 15 
minutes. 
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Previous studies in this laboratory(1) have 
shown that whole body x-irradiation produces 
increases in the adenosine triphosphatase and 
5-nucleotidase activity of the hematopoietic 
tissues of rats of sufficient magnitude and re- 
producibility to be employed for quantitative 
estimation of radiation damage to these tis- 
sues. The applicability of phosphatase as- 
says for evaluating the efficacy of chemical 
agents in protecting against radiation dam- 
age to hematopoietic tissues has been dem- 
onstrated recently by Petersen and DuBois 
(2). In the present investigation phospha- 
tase measurements were employed to obtain 
further information concerning the influence 
of partial body shielding on radiation damage 
to hematopoietic tissues. The use of partial 
shielding also offered a method of determining 
whether radiation - induced biochemical 
changes in the spleen are the result of a direct 
action by x-ray on enzymes within the spleen. 
The results of this study demonstrated that 
the marked increases in the phosphatase ac- 
tivity(1), the decrease in citrate synthesis 
(3) and the decreased levels of desoxyribo- 
nucleic acid(4,5) which occur in the spleen 
after whole body irradiation are not observed 
when the exteriorized spleen is irradiated with 
the remainder of the body shielded. His- 
tologic changes in the spleen were also much 
less pronounced after localized irradiation 
than following total body exposure. 

Materials and methods. Aduit male and 
female Sprague-Dawley rats were used for 
these studies. The animals were maintained 
in an air-conditioned laboratory (68-75° F) 
and were given Rockland rat pellets and 
water ad libitum. Shields designed to protect 
the body were constructed from 9-inch sec- 


* This study supported by funds provided under 
contract with the U. S. Air Force School of Aviation 
Medicine, Randolph Field, Texas. 
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tions of lead pipe (0.5-inch wall thickness, 2- 
inch inside diameter) which were split longi- 
tudinally, hinged and slotted to permit exter- 
iorization of the surgically mobilized spleen. 
X-ray penetration of the shields as measured 
with a Victoreen ionization chamber during 
an exposure period of 20 minutes was ap- 
proximately 0.4% (3 r). Under pentobar- 
bital anesthesia (35 mg/kg) the spleens were 
exteriorized through the left side of the ani- 
mals. The exteriorized spleens were kept 
moist with physiological saline. The circula- 
tion of the spleen remained intact throughout 
the surgical manipulation and _ irradiation. 
There was no gross or microscopic evidence of 
infarction. X-irradiation was administered 
to the exposed areas at a rate of 38 to 40 r/ 
min using a G.E. Maximar therapy unit. The 
radiation factors were: 250 KVP, 15 ma, 0.25 
mm Cu and 1 mm Al added filtration, 75 cm 
target-specimen distance. Adenosine triphos- 
phatase assays were performed by the method 
of DuBois and Potter(6) and 5-nucleotidase 
measurements were conducted according to 
the procedure of Cochran, Zerwic and Du- 
Bois(7) at various intervals after irradiation 
using cold water homogenates of spleen. Cit- 
ric acid determinations were carried out on 
fluoroacetate-treated animals by the method 
of Natelson ef al.(8) using the sequential 
blocking technic of Potter(9) except that the 
dose of fluoroacetate was reduced to 3 mg/ 
kg to decrease the number of deaths due to 
fluoroacetate. The desoxyribonucleic acid 
(DNA) content of the spleen was measured 
by the method of Schmidt and Thannhauser 
(10) after removal of acid-soluble materials 
and phospholipids according to the method of 
Schneider(11). Material for histological ex- 
amination was fixed in formalin, embedded in 
paraffin, sectioned at 6 » and stained with 
azure A-eosin B(12). 

Results. To ascertain whether localized 
irradiation of the spleen alters the phospha- 
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FIG. 1. Effects of partial shielding on adenosine 
triphosphatase and 5-nucleotidase activity of 
spleens of rats after 800 r of x-ray. Adenosine 
triphosphatase activity expressed as wg of P lib- 
erated from adenosine triphosphate/mg of spleen 
/15 min. and 5-nucleotidase activity is expressed 
as mg of phosphorus lberated from 5-adenylic 
acid/g of spleen/hr. A & D—whole body irradia- 
tion. B & E—spleen irradiated and body shielded. 
C & F—unirradiated. 


tase activity of that organ a series of rats was 
given 800 r of x-ray to the exteriorized spleen 
with the remainder of the body shielded. An- 
other series of animals which served as the 
irradiated controls received 800 r of total 
body irradiation administered with the 
spleens exteriorized. A third series of rats 
had the spleens exteriorized for a comparable 
length of time (ca 20 min) but received no 
exposure to x-ray. At frequent intervals from 
6 to 72 hours after irradiation groups each 
containing four animals were sacrificed for 
adenosine triphosphatase and 5-nucleotidase 
measurements on the spleens. The results of 
these measurements are shown in Fig. 1. 
After whole body x-irradiation increases in 
the activity of both enzymes were detectable 
in the spleens as early as 6 hours after ex- 
posure and reached more than twice the nor- 
mal level in 72 hours. However, direct ir- 
radiation of the spleen with the remainder of 
the body shielded resulted in no appreciable 
increase in the activity of either enzyme in 
the spleens throughout the observation period. 
Assays conducted on unirradiated animals in 
which the spleens had been exteriorized dem- 
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onstrated that the surgical procedure did not 
materially alter the adenosine triphosphatase 
or 5-nucleotidase activity. 

Following the demonstration of the absence 
of a direct effect by x-ray on the activity of 
phosphatases of the spleen similar experi- 
ments on citric acid synthesis in vivo were 
performed. For these measurements groups 
of 4 rats were given 800 r of whole body x- 
irradiation or the same dose of x-ray to the 
spleen with the remainder of the body shield- 
ed. At 1 day after irradiation groups of ani- 
mals were treated with fluoroacetate and sac- 
rificed 3 hours later for citric acid measure- 
ments on the spleens. The results shown in 
Table I indicate that localized irradiation of 
the exteriorized spleen does not affect its ca- 
pacity to synthesize citric acid im vivo in con- 
trast to the marked inhibition of citrate syn- 
thesis which occurs in the spleens of rats after 
whole body x-irradiation(3). 

Additional experiments were conducted to 
obtain a comparison of the effects of whole 
body irradiation and localized irradiation on 
the DNA content of the spleens of rats. For 
these measurements groups each containing 4 
animals were sacrificed at 24 and 72 hours 
after exposure of the exteriorized spleen to 
800 r with the remainder of the body shielded. 
Whole body irradiated and_ unirradiated, 
spleen-exteriorized rats were included for 
comparison. The results of these measure- 
ments are shown in Table II. At 24 hours 
after irradiation of the spleen with the re- 
mainder of the body shielded only a small 
decrease in DNA concentration of the spleen 
was observed in contrast to a marked decrease 
to 44% of normal after whole body irradia- 
tion. Exteriorization of the spleen without 
subsequent irradiation had no effect on the 
DNA content of that organ. 


TABLE I. Effect of Partial Shielding on Citrie 
Acid Synthesis in Spleens of Irradiated Rats. 
Dose of fluoroacetate 3 mg/kg. 


Time of ug citric acid/g of 
sacrifice spleen 
Dose of (hr after Area 
x-ray x-ray ) radiated Avg Range 
Control — None 1001 (968-1128) 
800 r 24 Whole body 676 (480- 760) 
800r 24 Spleen only 1002 (856-1088) 
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TABLE II. Effect of Partial Shielding on DNA 
Phosphorus Content of Spleens of Irradiated Rats. 


mg DNA-phospho- 


Time of rus/100 g of spleen 
sacrifice (wet wt) 
Dose of (hr after Area 
x-ray x-ray) irradiated Avg Range 
Control — None 124 (111-137) 
800r 24 Total body 55. ( 50- 59) 
800 r 24 Spleen only 98 ( 92-106) 
800 r 72 Total body 67 ( 64- 75) 
800r 72 Spleenonly 115 ( 97-124) 


The histopathology of the spleen after 800 
r of total body x-irradiation followed the pat- 
tern previously described by Murray(13). 
There was marked cellular destruction at 3 
hours and phagocytosis and elimination of 
debris began at this time and progressed to 
completion within 24 hours. Further con- 
densation of the spleen pulp was evident at 
3 and 5 days with rare, medium and small 
lymphocytes remaining. When 800 r was 
given to the exteriorized spleen with lead 
shielding of the body there was some destruc- 
tion of medium and small lymphocytes but 
fewer cells were altered than was the case 
after total body irradiation. More lympho- 
cytes were present at 24 hours than at 12 
hours after irradiation of the spleen alone and 
there was a continuous further increase in cel- 
lularity. Early germinal centers appeared in 
the lymphoid follicles at 3 days and almost 
complete recovery was observed at 5 days. 
Ectopic hematopoiesis showed a slight in- 
crease at 3 days and became prominent at 5 
days. From a comparative standpoint the 
changes in the spleen following exposure of 
the exteriorized spleen to 800 r resembled 
those seen after 100 r of total body x-irradia- 
tion. 

Discussion. The effects of lead shielding 
of various organs or areas of the body on the 
survival and the histologic changes after x- 
ray have been extensively investigated (14- 
21). The results of these previous studies, 
most of which have been done with mice, 
have led several investigators to postulate 
that the protection afforded by partial shield- 
ing is explainable on the basis of a humoral 
recovery factor(18,21), the destruction of a 
toxic factor(21), seeding of cells from shield- 
ed tissue(18,20) or temporary support of de- 
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fense mechanisms(20). Major emphasis has 
been placed on possible factors(18,21) cap- 
able of accelerating recovery of hematopoietic 
tissues from radiation damage but thus far 
conclusive evidence in support of any of the 
possible explanations for modification of radi- 
ation injury by partial shielding is lacking. 

The results of the present investigation 
have shown that 3 characteristic biochemical 
changes which occur in the spleens of rats 
after whole body irradiation are markedly re- 
duced or prevented by body shielding al- 
though the radiant energy absorbed by the 
spleens is comparable in both cases. His- 
tologic changes were generally in agreement 
with the biochemical findings. Evidence of 
rapidly reversible damage was seen in the 
spleens of body-shielded animals in contrast 
to the early and virtually complete destruc- 
tion of the sensitive lymphoid and myeloid 
elements of the spleen within 12 to 24 hours 
after the same dose of total body x-irradia- 
tion. Failure of direct irradiation of the 
spleens of mice to cause atrophy comparable 
with that observed after whole body irradia- 
tion has recently been described(22) and a 
decreased mortality following regionally frac- 
tionated x-irradiation has been reported(23). 
These observations suggest that the suscepti- 
bility of the spleen to direct radiation injury 
is in some way dependent upon injury to 
other areas of the body. 

The exact mechanism by which the spleen 
is protected by body shielding is not known. 
The data presented in this communication 
suggest the possibility that a substance es- 
sential for the normal metabolism of the 
spleen is supplied by the shielded tissue. Ac- 
cording to this interpretation of the findings, 
the spleen is damaged only when the concen- 
tration of the essential factor falls below a 
critical level. Thus damage to the spleen 
would occur after whole body irradiation due 
to destruction of the factor per se or impair- 
ment of its production within the spleen and 
in other tissues. Preservation of an exogen- 
ous source of the material by body shielding 
during irradiation of the spleen might be re- 
sponsible for the absence of marked _ bio- 
chemical changes in exteriorized, irradiated 
spleens. It is not established whether shield- 
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ing the body during irradiation of the spleen 
prevents damage or accelerates recovery but 
the biochemical evidence supports the former 
view and further research on this possibility 
thus seems warranted. 

That protection of the spleen by body 
shielding is not the result of detoxification of 
products formed in irradiated tissues was in- 
dicated by experiments in which the spleen 
and the remainder of the body were irradi- 
ated at separate intervals. After exposure of 
the body and the spleen at separate intervals 
of 12 hours the amount of damage to the 
spleen as measured by phosphatase assays 
was not appreciably different from that ob- 
served after total body x-irradiation. 

Summary. Measurements of the adeno- 
sine triphosphatase activity, the 5-nucleoti- 
dase activity, the desoxyribonucleic acid con- 
centration, citric acid synthesis and the his- 
tologic appearance of the spleens of rats given 
800 r of whole body x-irradiation and the 
same dose of x-ray to the exteriorized spleens 
with the remainder of the body shielded were 
made. Shielding the body during irradiation 
of spleen prevented the large increases in the 
activity of phosphatases which occur in the 
spleen after whole body irradiation. Preven- 
tion of the inhibitory effect of x-ray on citrate 
synthesis and a much smaller decrease in de- 
soxyribonucleic acid content of the spleen as 
well as less severe histologic changes were ob- 
served in the spleens of body shielded rats. 
The results of this study indicate that x-ray 
does not exert a direct effect on the enzymes 
involved in the biochemical reactions which 
were studied. 
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Differential erythrocyte agglutination tech- 
nics have demonstrated shortened peripheral 
existence of sickle-cell anemia erythrocytes 
transfused into healthy recipients or patients 
with sickle-cell anemia(2,3). Cells from dif- 
ferent sickle-cell anemia patients may have 
different post-transfusion survival times, and 
available data suggest shorter survival of cells 
from donors with more severe anemia. Red 
cell destruction is probably closely related to 
the ease with which these cells undergo their 
characteristic distortion, and this might be the 
result of the very low solubility of reduced 
sickle-cell anemia (‘‘S”) hemoglobin(4). 
London, et al.(5) used the isotope method 
for labeling erythrocytes im vivo by oral ad- 
ministration of 41 g of approximately 32 atom 
% excess N}°-glycine(6) to a man with mod- 
erately severe sickle-cell anemia. This com- 
paratively large amount of N?°-glycine was 
given over a two day period. Maximum 
erythrocyte labeling was obtained on 7th day 
with hemin N?° content greater than 1.1 atom 
% excess N°. Random destruction of eryth- 
rocytes with a mean survival time of 42 days 
was indicated. This was in contrast to the 
fate of normal N?-labeled red blood cells 
which leave the circulation as a function of 
their age(5,7,8). Excretion of isotope in ster- 
cobilin was not determined. Feeding of a 
large amount of N1°-glycine for two days pro- 
longs the period of labeling of newly-formed 
erythrocytes by N? from the “metabolic 
pool.” Under these conditions labeling of 
heme continued for more than 20 days in nor- 
mal individuals(5). In sickle-cell anemia the 
possibility of reutilization of N’° from cells 


* An abstract has appeared(1). We are pleased 
to acknowledge the valuable technical assistance of 
Miss Mary Dodson, Mrs. Ruth Powell and Miss 
Vivian Wilkerson, and are very much indebted to 
Dr. William T. Ham and the Biophysics Department 
for use of the mass spectrometer. 

+ Markle Scholar in Medical Science. 


containing high N*° concentrations undergo- 
ing random destruction is enhanced. Contin- 
ued synthesis of labeled hemoglobin by red 
cells in sickle-cell anemia blood(9,10) also 
might be expected to take place to a greater 
extent with larger amounts of N1°-glycine fed 
over a longer period, although its effect on to- 
tal synthesis of N1°-heme could no doubt be 
considered negligible(5). 

The present experiment was designed to 
study red cell destruction and rate of hemo- 
globin turnover in a.severe sickle-cell anemia 
patient using a small amount of N?°-glycine 
to minimize factors of prolonged labeling, re- 
utilization, and peripheral incorporation. 
Previous studies in our laboratories demon- 
strated the practicability of using 1 g of N?°- 
glycine to label erythrocytes during a period 
of stimulated erythropoiesis(11). The N1°- 
concentration in fecal stercobilin, as in cir- 
culating heme, was determined to obtain ad- 
ditional information concerning destruction of 
labeled erythrocytes. Data on excretion of 
N? in stercobilin in sickle-cell anemia have 
not been reported previously. 

Experimental. A 21 year old, 120 lb, Ne- 
gro male with severe sickle-cell anemia was 
fed 1 g of 31 atom % excess N1°*-glycine in 
two 500 mg amounts at 11 a. m. and 3 p. m. 
without intervening lunch. Throughout the 
study he worked in our laboratory and was 
in a stabilized hematologic state as evidenced 
by his day to day course and serial hemo- 
grams. Hemoglobin of 6.0 g/100 ml and 
reticulocytosis of 23% indicated the severity 
of his disease. Previous electrophoretic 
studies had indicated 100% “‘S” type hemo- 
globin. Hemin was isolated(12) and recrys- 
tallized according to Fischer(13). Fecal 
stercobilin was extracted from each entire 
stool and was recrystallized after isolation 
(14). Purity was established by determina- 
tion of optical rotation. Duplicate samples 
of hemin and stercobilin were converted to 
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FIG. 1. N*-hemin in sickle-cell anemia (A) and in 

a normal man (C), and N*-stercobilin in sickle-cell 

anemia (B), after 1 g N*-glycine. Horizontal bars 
indicate period representing each fecal sample. 


nitrogen gas, and the N’° atom percent ex- 
cess over tank nitrogen was determined for 
each sample in the mass spectrometer. Ex- 
cept for weekly withdrawal of 15-20 ml of 
venous blood for hemin analysis there was 
no extravascular blood loss, crisis, or any ad- 
ditional recognized clinical condition produc- 
ing a random loss of red cells. Rate of red 
cell destruction was thus considered a meas- 
ure of erythrocyte and hemoglobin formation. 


Results. In Fig. 1, hemin curve (A) and 
stercobilin curve (B) present data expressed 
in atom excess N’° as the ordinate, and time 
in days as abscissa. Hemin curve (C) pre- 
sents data obtained from a normal male of 
about the same weight who was fed 1 g of 
the same N?!°-glycine under identical condi- 
tions. This curve is plotted for the first 60 
days for comparison. In marked contrast to 
the normal subject, the sickle-cell anemia pa- 
tient rapidly incorporated N?° into heme with 
maximum concentration found on 3rd day. 
The normal subject reached a much lower 
maximum about the 9th day, and then main- 
tained a plateau. Since the N?° concentra- 
tion (atom % excess) in circulating heme de- 
pends on amount of preexisting unlabeled 
hemoglobin with which newly-formed iso- 
topically-labeled cells are diluted, and this is 
much smaller in the anemic individual, com- 
parison of the extent of incorporation of N’ 
into heme with the normal in this case should 
be made in terms of absolute amount of N¥ 
in heme. From determinations of total cir- 
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culating hemoglobin in these subjects it was 
calculated that the absolute quantity of N° 
incorporated into hemin in the sickle-cell sub- 
ject was 1151 »g N?, and in the normal, 288 
ug N°. Incorporation of N! into heme in 
the sickle-cell subject was at least 4 times 
greater than in the normal and possibly more, 
since it is not certain that concentration on 
3rd day was the highest value reached. 

On the 8th day hemin N° was lower than 
on the 3rd day. It is possible the N!® concen- 
tration was higher at some time between these 
two determinations. From the 8th day there 
was a rapid decline to the 56th day. Plotted 
on semi-logarithmic coordinates, hemin N? 
disappearance curve from the 8th day was a 
straight line (Fig. 2). The apparently ex- 
ponential disappearance of isotope from he- 
min is compatible with random destruction of 
erythrocytes, so rapid that any change pro- 
duced by normal aging is obscured. Sheets, 
et al.(15), using inagglutinable cell count 
technics, indicated that such destruction 
would approach a pure logarithmic function. 
The cells cannot be given a definite life span, 
and it is more correct to consider their exist- 
ence in terms of half-life, as determined be- 
low. 

The N?°-stercobilin curve (B) was entirely 
different from the results of previously pub- 
lished studies with normal or pathologic sub- 
jects fed N?!°-glycine(16-18), or infused with 
N?°-labeled red cells(19). Horizontal bars 
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indicate number of days representing each 
fecal sample, since stools in this individual 
were usually four or five days apart. The 
stercobilin N!° concentration reached a maxi- 
mum about the 7th day, after which there 
was a steady decrease to 19th day. After the 
20th day a curvilinear disappearance of the 
isotope strikingly similar to the N?‘°-hemin 
disappearance curve was observed. The lag 
of the N!°-stercobilin curve behind the rising 
N!*-hemin curve, with isotope concentrations 
of both nearly equal at the peak of the ster- 
cobilin curve, is the particular sort of relation 
found to exist between time-course of labeling 
of a precursor and that of a product derived 
from it(20). The near coincidence of N1°- 
stercobilin and N!°-hemin curves in this case 
is consistent with an origin primarily from in- 
discriminant random destruction of circulat- 
ing erythrocytes, labeled and unlabeled, hav- 
ing no definite life span. 

Direct incorporation of isotope into ster- 
cobilin has been found to occur after feeding 
large amounts of N!°-glycine to normal man 
(16,17). The curve (B) prior to 20th day 
may represent, to an extent not known, the 
combined effect of this type of incorporation 
and the excretion curve of N1°-stercobilin de- 
rived from immediate, random destruction of 
labeled erythrocytes. Any initial labeling of 
stercobilin which might occur in this case 
would be obscured by labeled erythrocyte 
degradation, and could not be observed sepa- 
rately for study. Stercobilin labeling in the 
initial 10 to 20 day period after 1 g N}°-gly- 
cine has been observed by us in other individ- 
uals not having rapid red cell destruction(21). 

For comparison of the rate of disappear- 
ance of isotope from hemin with that of fecal 
stercobilin, the absolute amounts of N?!° in 
hemin (in micrograms) were calculated from 
the N'° concentrations (atom % excess above 
the natural abundance,(22) and the total cir- 
culating hemoglobin. Similarly, stercobilin 
N?™ (ug/100 g feces) was calculated from the 
total fecal urobilinogen excretion (mean 
value, 1952 mg/100 g feces; 804 mg/day). 
Plotted on semi-logarithmic coordinates (Fig. 
2), the data gave lines which were nearly par- 
allel, indicating close correlation between rate 
of red cell destruction and rate of excretion of 
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isotope in fecal stercobilin. From the N' 
line (Fig. 2), or from a similar plot of the ex- 
perimental data from Fig. 1, a half-life for 
erythrocytes of approximately 11 days was 
obtained. Using the equation for exponential 
disappearance (Cy == C,se7*) sae rareros red 
cell destruction and formation (rate of hemo- 
globin turnover) of 6.3%/day was calculated 
from the half-life. This turnover rate cor- 
responds to a mean life or average time for 
erythrocytes in circulation of about 16 days. 

Turnover rates also may be calculated di- 
rectly from the data, i.e., independent of the 
half-life determined by inspection of the log- 
arithmic plots, by calculating the slopes for 
the straight lines by the least squares method 
from the natural logarithms of the N?° data. 
Turnover rates calculated in this manner were 
6.37% /day (hemin data) and 6.3%/day 
(stercobilin data). These turnover rates give 
a calculated half-life of 11 days for erythro- 
cytes, with a mean survival time of approxi- 
mately 16 days. 

There was no evidence of more than one 
population of cells. London, e¢ al.(5) sug- 
gested the possibility of a small fraction of 
total red cell population with half-life time of 
approximately 7 days in their subject fed 41 g 
N1°-glycine. This was based on N?°-hemin 
data between 6th and 22nd days, a period dur- 
ing which labeling of cells is known to con- 
tinue in normal individuals fed comparable 
amounts of N?°-glycine(5). It is difficult in 
this case to consider the N?!°-hemin curve in 
the first 20 days as being other than the re- 
sultant of both labeling and destruction dur- 
ing this period. The continuing introduction 
of cells with a rapidly decreasing isotope con- 
centration imposed on the random destruction 
curve could result in hemin N** concentrations 
which would be not only higher than theoreti- 
cal for the extrapolated disintegration curve, 
but with increments decreasing with time 
(greater slope). The deviation of N™ concen- 
tration from the theoretical destruction curve 
in the first 20 days in this case might be an in- 
dication of the rate of decrease of labeling 
rather than the result of disappearance of a 
shorter-lived population. The effect of pro- 
longed labeling would be minimized with the 
1 g dose used in the present study. 
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TABLE I. Comparative Data in Two Isotope 
Labeling Investigations in Sickle-Cell Anemia. 
es LY ee eee 


London, 
et al.(5), 
41 g glycine 


Present study, 
1 g glycine 


Hemoglobin, g/100 ml 5.9 10.8 

Rea cell count, mil- 1.8 3.8 
hons/mm?# 

Hematocrit, % 16.0 31.0 

Reticulocytes, % 22.8 10.2 

Total circulating 385.0 738.0 
hemoglobin, g (7 g/kg) (11.7 g/kg) 

Hemoglobin forma- 24,2 eG 


tion and destrue- 
tion, g/day 


(.44¢/ke/day) (.28 g/ke/day) 


Half-life, days ital 29 

Mean survival time, 16 42 
days 

Turn over rate, % 6.3 2.4 
per day 


Although the turnover rate in our subject 
(6.3% /day) was 7-8 times normal (0.83%/ 
day), the vate determined refers to the rate 
at which the individual was turning over his 
total mass of hemoglobin. With a total cir- 
culating hemoglobin of 385 g (Table I) daily 
synthesis amounted to 24.2 ¢ (0.44 g/kg/ 
day) about 4.3 times the normal 5.7 g/day 
expected in a 54.5 kg male. It was noted pre- 
viously that the amount of isotope incorpor- 
ated into heme was 4 times greater than in 
the control subject. 


Crosby and Akeroyd(23) concluded that 
when erythrocyte life span becomes shorter 
than about 20 days the capacity of uninhib- 
ited marrow to compensate will be exceeded 
and anemia will result. In our patient, with 
a mean erythrocyte life of 16 days, erythro- 
cyte production would have to be almost 8 
times normal to prevent an anemia. It is 
evident that this was not done. 


Hematologic severity of the disease may 
vary considerably in typical sickle-cell anemia 
patients. Comparison of our hematologic 
data with those of London, et al.(5) indicates 
the severity of anemia in our patient to be 
about twice that of theirs (Table I). Hemo- 
globin, red cell count, hematocrit and reticulo- 
cytosis differ by a factor approximately one- 
half or two. Random destruction with or 
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without an accelerated senescence affects the 
time a cell survives in peripheral circulation. 
Observations in sickle cell-anemia patients 
having only “S” type hemoglobin and widely 
varying degrees of anemia suggest the possi- 
bility of other factors involved in hemolytic 
mechanism. 


Substantial evidence for extra-corpuscular 
hemolytic mechanisms in sickle-cell anemia 
has not been found. Extra-corpuscular fac- 
tors which might be present in the plasma or 
elsewhere in the donor and thus adding an ad- 
ditional hemolytic mechanism are excluded in 
the differential agglutination methodology 
where only washed red cells are transfused 
into the recipient. Even though the recipient 
may have the same fundamental intra-corpus- 
cular erythrocyte defect, he might differ in 
degree of “hypothetical” extra-corpuscular in- 
fluences. It is possible, therefore, that the 
severity of anemia in two different patients 
with only ‘“S”, type hemoglobin (small 
amounts of fetal hemoglobin excluded) may 
be the result of factors present in plasma of 
one and not present to the same degree in 
plasma of another. Perhaps rapid hemolysis 
in itself may give rise to a self-perpetuating 
cycle. Singer, ef al. discuss variability of the 
life span of the sickle-cell erythrocyte, partic- 
ularly with regard to the crises occurring in 
this disease(24). Isotopic study has the ad- 
vantage of labeling and studying the cells in 
the same individual as well as circumventing 
changes in blood volume which might influ- 
ence the results in agglutination methods. 


Summary. 1. Study of erythrocyte de- 
struction in sickle-cell anemia by analysis of 
hemin N?° disappearance and fecal stercobilin 
N” appearance after a 1 g dose of N!°-glycine 
indicates a completely random destruction of 
circulating red cells. 2. This individual’s 
cells had a half-life of 11 days indicating a 
turnover rate of 6.3% per day with a mean 
survival time of approximately 16 days. 3. 
There was no evidence of more than one pop- 
ulation of cells. 4. Comparison with a simi- 
lar study by London and coworkers shows a 
similar clinical condition but a physiological 
state twice as active, and further suggests still 
unknown factors involved in the destruction 
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of circulating red cells in this type of hemo- 
lytic anemia. 
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Suppression of erythropoiesis by sublethal 
doses of whole body irradiation has been re- 
ported repeatedly. On the basis of histologic 
studies in mice(1,2) the normoblast was 
considered the most radiosensitive marrow 
cell. Radio-iron incorporation into red cells 
of the rat was markedly depressed by doses 
well below the lethal range(3). Using recov- 
ery of the normal red cell mass following 
bleeding as a measure of erythropoiesis, sup- 
pression of erythropoiesis in cats given sub- 
lethal doses of X-ray could not be demon- 
strated(4). These apparently contradictory 
observations might be explained by species 
variations, or the hypoxia incident to bleeding 
may influence the recovery of erythropoiesis 
following x-irradiation. Evidence to support 
the latter will be presented in this report. 


Institute, Bethesda, Md. 


Materials and method. Twelve dogs 
weighing 10 to 15 kilos were divided into 4 
groups: one bled immediately prior to irradia- 
tion; a second bled immediately following ir- 
radiation; a third bled but not irradiated; 
and the fourth irradiated but not bled. The 
irradiated animals received 150 r total body 
irradiation from a Co® source in 4 7 geometry 
(S$). In the animals which were bled, 30% 
of the blood volume, calculated as 8% of the 
body weight, was removed. Erythropoiesis 
was estimated from the hematocrit and retic- 
ulocyte levels, performed three times a week, 
and from the determination of iron incorpora- 
tion into red cells. For the latter, 5 to 10 pc 
Fe*® bound to the iron binding globulin were 
injected intravenously on the 5th post-treat- 
ment day. This material was prepared by in- 
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cubating homologous heparinized plasma with 
Fe°® as FeCl; for 60 minutes at room temper- 
ature. Approximately 0.25 to 0.4 ug of metal 
containing 0.8 to 1.2 wc of Fe®® were added 
per ml of plasma. Following I.V. injection of 
Fe*, 1 to 3 ml samples of venous blood were 
taken daily for the first 4 days and on alter- 
nate days, through the 16th day. After the 
Ist day, the plasma contained insignificant 
amounts of radio-iron, so that washing of the 
red cells was unnecessary. The red cells were 
hemolyzed with saponin and the volumes 
brought to 6 cc with distilled water. Activity 
was determined in a shielded well-type scin- 
tillation counter, with a background of 200 
CPM. 12,800 counts were measured in dupli- 
cate. Total Fe®® in circulating red cells was 
estimated on the basis of a computed whole 
blood volume of 8% of body weight. The 
usual assumption of a constant red cell mass 
which is implied in computing activity in 
terms of packed cells, could not be made in 
the present experiment. The blood volume, 
however, is known to be reasonably constant 
after low doses of irradiation(6). Bleeding 
did not appear to affect the blood volume 
markedly, as judged from the drop in hema- 
tocrits. For graphic representation, Fe®® in- 
corporation was expressed in percent of the 
injected dose. In a similar experiment in 
rats, females of the Sprague-Dawley strain, 
weighing 145 to 180 g, were used. Thirty 
rats were randomly assigned to 5 groups. All 
rats received 200 r (Co® source). One group 
was bled by cardiac puncture immediately 
prior to irradiation, 25% of the blood volume, 
computed as 7% of body weight, being re- 
moved. A second group was bled immedi- 
ately after irradiation, and a third 24 hours 
after irradiation. A fourth group received 
0.3 cc/100 g of a 1% para-aminopropiophe- 
none (PAPP) solution in propylene glycol 
immediately after irradiation. The fifth 
group served as irradiated controls. 0.3 cc of 
Fe®® tagged plasma, prepared as described 
above, was injected I.V. on the second post- 
irradiation day. Blood samples were removed 
by cardiac puncture 48 hours later, the red 
cells were washed once, and the activity de- 
termined as described. 12,800 to 64,000 
counts were measured in duplicate. Retic- 
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POST TREATMENT Day 


FIG. 1. Effect of pre- and post-irradiation phle- 

botomy on hematocrit in the dog. Avg values for 

each group expressed as percent of pretreatment 
hematocrit. 


ulocyte counts were made on aliquots of the 
same samples. Iron incorporation in non- 
irradiated rats was determined in separate 
experiments. 

Results. The reticulocyte values of the ir- 
radiated dogs decreased from control levels of 
0.2 - 0.6% to less than 0.1%. Beginning on 
the 13th-15th post-irradiation day the reticu- 
locytes slowly increased to pre-irradiation val- 
ues. In the animals bled either before or after 
irradiation there was an initial fall in reticu- 
locytes followed by a significant reticulocy- 
tosis of 0.5-3.1% beginning by the 4th day 
in all but one in which reticulocytosis did not 
occur until the 8th day. 

Hematocrits of irradiated dogs that had 
not been bled fell gradually and reached 85% 
of pre-irradiation levels by the 20th post- 
irradiation day (Fig. 1). This fall could be 


4 BLED 
@ CONTROLS 
© IRRADIATED 


% Fe? UPTAKE 


ie) | 2 3 4 5 6 7 8 9 
DAYS FOLLOWING INJECTION OF Feo? PLASMA 


FIG. 2. Fe® incorporation in normal, bled, and 

irradiated dogs. Note rate of appearance of Fe. 

In normals, a plateau was reached at 4 days; in 

bled dogs, at 3 days. Contrast with slow steady 
rise over 8 days in irradiated dogs. 
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FIG. 3. Fe® incorporation in dogs bled immed- 


iately before and after irradiation, Shaded areas 
indicate range of 3 normal dogs. 


accounted for by suppression of red cell pro- 
duction in the presence of a constant total 
blood volume. In the remaining dogs, bleed- 
ing reduced the hematocrits initially by 20- 
25%. In the bled controls and those bled im- 
mediately prior to irradiation the hematocrits 
gradually rose and reached pre-bleeding levels 
by the 20th day. — In those bled following ir- 
radiation there was a more gradual rise and 
pre-bleeding levels were not attained by the 
20th day. 

Iron incorporation in 3 groups of dogs is 
shown in Fig. 2. Following injection of radio- 
iron into normal dogs, the amount of iron in- 
corporated into red cells was nearly at its 
peak in the peripheral blood by the 4th day. 
During the 5th to 8th day, radio-iron in- 
creased only slightly or not at all. In dogs 
that were bled but not irradiated, iron incor- 
poration was more rapid. A plateau of radio- 
iron in the peripheral blood was reached by 
the 3rd day, with little further increase there- 
after. In irradiated dogs, radio-iron increased 
more slowly than in controls, but at a steady 
rate without any change in slope of the iron 
incorporation curves during the first 8 days 
after injection. The linear increase over this 
period was in contrast to the S-shaped curves 
of both the bled and normal controls. Accel- 
erated erythropoiesis in the bled controls and 
suppression of erythropoiesis in the irradiated 
dogs is evident. Since the 8 day values for 
the 3 groups overlap, it is apparent that the 
24 to 72 hour values and the shape of the 
curves are better indicators of red cell produc- 
tion than maximum incorporation. 
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Iron incorporation curves for dogs bled be- 
fore or after irradiation are shown in Fig. 3. 
Five of the curves resemble those of normal 
dogs reaching a plateau on the 4th day. They 
differ markedly from the linear increments of 
iron incorporation of irradiated controls (Fig. 
2). One dog bled after irradiation behaved 
like the bled, non-irradiated group in that the 
plateau of the curve was reached on the 3rd 
day. This dog had an elevated reticulocyte 
count of 1.1% before irradiation, indicating 
an increased erythropoiesis of some duration. 
In retrospect, this dog should not have been 
used in the experiment since erythroid hyper- 
plasia reported to protect the erythropoietic 
system from radiation injury(7) may have 
been present. The reticulocyte values (4.5%) 
and hematocrit rise from this animal have not 
been included. 


In contrast to the continued rise in hema- 
tocrit and reticulocytosis in the bled, irradi- 
ated animals, the white cell and platelets fell 
progressively to reach minimum values _ be- 
tween the 13th and 18th days. The minimum 
values of 8-26,000 platelets and 1800-3500 
white cells in irradiated controls were slightly 
lower than those in animals bled either before 
or after irradiation in whom the minimum 
platelet values ranged from 20-42,000 and 
white cells from 3,300 to 6.700. 


The effects of pre- and post-irradiation 
bleeding and of post-irradiation administra- 
tion of PAPP on iron incorporation into red 
cells of irradiated rats are illustrated in Fig. 
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FIG. 4. Effect of hypoxia before and after ir- 

radiation on erythropoiesis as measured by Fe? 

incorporation. Fe® injected 48 hr after irradiation 

and percent incorporation in red cells measured 
48 hr after injection. 
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GROUP | IRRADIATED 
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FIG. 5. Reticuloeyte values 96 hr after irradiation 
in rats with pre- and post-irradiation hypoxia. 


4. All but one of the irradiated control rats 
incorporated less than 31% of injected Fe*® 
in 48 hours. Acute blood loss, either im- 
mediately before or after irradiation, in- 
creased iron incorporation in each of 6 rats 
to above 30%. The percent of injected iron 
incorporated in 48 hours by normal rats is 
slightly higher, varying from 50 to 75%, with 
a mean of 66%. PAPP was about as effective 
as immediate bleeding in increasing iron in- 
corporation. Bleeding 24 hours after irradi- 
ation had no appreciable effect, five of six ani- 
mals showing iron incorporations below 34%. 


Reticulocyte counts (Fig. 5) in 5 of 6 con- 
trol irradiated rats were below 3% on the 
4th post-irradiation day. One had a reticu- 
locyte count of 4.7%. Marked reticulocy- 
tosis (Fig. 5) was present in rats bled im- 
mediately before or after irradiation, and in 
those given PAPP immediately after irradia- 
tion. Reticulocyte counts in rats bled 24 
hours after irradiation remained below 4%. 
Normal rats of this strain in our laboratory 
have reticulocyte counts of 3-7%. Reticu- 
locytes in the rats that were both bled and 
irradiated, were in most instances above nor- 
mal while the iron incorporation was within 
the normal range and in a few below normal. 
However, iron incorporation data reflect 
erythropoietic activity primarily on the sec- 
ond day, since Fe”? is rapidly cleared and pre- 
sumably quickly incorporated into red cell 
precursors, though maturation and appear- 
ance of tagged red cells in the circulation re- 
quire 24 to 48 hours. The reticulocyte levels 
were determined on the fourth day and are 
therefore not necessarily indicative of red cell 


405 


production on the second day alone. Reticu- 
locyte levels are also influenced by acceler- 
ated maturation or release of immature cells, 
and may therefore be higher than expected 
from actual production rates. 

Discussion. The results confirm previous 
reports of a significant depression of erythro- 
poiesis by sublethal doses of irradiation. Val- 
entine’s(4) apparently contradictory observa- 
tion that sublethally irradiated animals may 
recover from an anemia induced by pre- 
irradiation blood loss as rapidly as a bled non- 
irradiated animal could be confirmed. This 
observation can now be interpreted as a re- 
versal or modification by the acute blood loss 
of the usual radiation injury to erythropoiesis. 
This interpretation is supported by the ob- 
servation that red cell production, though or- 
dinarily suppressed in irradiated dogs and 
rats, can be accelerated to normal levels by 
post-irradiation as well as_ pre-irradiation 
bleeding and, in rats, by the administration 
of PAPP after’ irradiation. These results 
could be due to inhibition of the destruction 
of erythropoietic cells known to occur follow- 
ing irradiation, or due to accelerated regenera- 
tion. This accelerated regeneration, however, 
appears to be restricted to the erythropoietic 
system and can no longer be induced by blood 
loss 24 hours after exposure to X-ray. 

Since PAPP produces a_ severe, though 
transient, hypoxia it is tempting to speculate 
that the common denominator of the action 
of PAPP and bleeding is hypoxia which elicits 
the release of a humoral factor responsible for 
stimulation of erythropoiesis. Evidence for 
the existence of such a factor or factors has 
been demonstrated recently(8-10) and the 
isolation of one factor in crude form claimed 
Gia 

Summary. Following whole body exposure 
to sublethal doses of X-rays, erythropoiesis 
was depressed in both dogs and rats, but 
could be markedly increased by bleeding the 
animals shortly before or after irradiation. In 
rats, post-irradiation administration of PAPP 
resulted in a similar increase in erythro- 
poiesis. Blood loss 24 hours after irradiation 
had no appreciable effect. The data indicate 
the reversibility or modification of injury to 
the erythropoietic system without similarly 
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affecting the recovery of other bone marrow 
elements. 
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The vit. E requirements and the manifesta- 
tions of deficiency have been reported for 
several species. One result of E deficiency is 
the “paralysis” of suckling rats born to E- 
deficient mothers reported by Evans and 
Burr(1). Later Ringsted(2) observed the 
disorder in adult rats kept on chronic E de- 
ficiency. Similar results were reported by 
Burr, Brown, and Moseley(3). Studies of 
the mouse on E-deficient diets such as those 
used for rats have yielded conflicting results. 
Bryan and Mason(4), reported that suckling 
mice born to E-deficient mothers (receiving 
the usual single dose of the vitamin early in 
pregnancy) showed no “paralysis”. Goettsch 
(5) observed no paralysis in either sucklings 
or older mice. Pappenheimer(6) reported 
that these mice showed the degenerative le- 
sions of skeletal muscle expected in E de- 
ficiency in spite of the fact that there were no 
symptoms of paralysis. Menschik e¢ al.(7) 
using the British M.R.C. strain of mice ob- 
served typical symptoms in animals beyond 
6 months of age, the maximum incidence fall- 
ing between 12 and 18 months. Tobin(8) 
failed to get paralysis using the ordinary diet 


* This investigation was supported in part by re- 
search grant from National Heart Institute, of the 
National Institutes of Health, Public Health Service. 


containing 2% cod liver oil but did observe 
up to 17% of mice showing symptoms on diets 
containing 10% or 20% cod liver oil. 

We have observed that the mineral content 
of the diet is an important factor in respect to 
the development of the symptoms of “‘paral- 
ysis” in the adult mouse. This is a report on 
certain phases of the study. 

Materials and methods. Cs3H male mice 
were started on the diets at 21-23 days of age. 
They were housed in pairs on shavings in 
cages made of sheet metal and screen. Tap 
water was continuously available. They were 
fed ad libitum from metal cups. Room tem- 
perature was 80° + 2°F. The mice and food 
cups were weighed and the cups changed 
weekly. The following salt formulas were 
used. Salts A: (Modification of mixture 351, 


TABLE I. Growth Rate on Diets Used; Average 
Group Weight in Grams. 


Diets: 
Age, wk 1 2 3 4 5 

3 8.5 8.6 9.4 10.5 10.4 

5 20.3 20.4 21.1 18.7 20.0 
10 28.5 27.8 27.6 26.7 26.4 
15 32.7 30.4 33.2 30.9 28.8 
20 34.8 31.2 35.2 32.3 29.8 
25 37.7 31.6 38.5 35.1 30.9 
35 41.0 32.3 40.9 36.8 31.0 
45 40.7 32.3 41.8 37.6 30.9 


VITAMIN E “Paratysis” IN MICE 


TABLE II. Showing Time of Onset and Incidence 
of ‘‘ Paralysis’? on Various Diets. 


Diets: 
at 2 3 4 5 
First noted 6 mo 6 mo 
% mice involvedt 0 100 0 0 100 


Mortality,52wk 0/24 3/24 2/20* 4/24* 8/24 


* Death from causes other than ‘‘ paralysis.’’ 
+ By 8 mo of age. 


Hubbell, Mendel, and Wakeman, J. Nutrition, 
We Ove NI elo). CacOss 544*3MaCOs. 25° 
MgsSOx,, 16; NaCl, 69 (iodized table salt, used 
to avoid difference in this respect from salt 
PCr wll? KH oPOy ye 2-“ BeEPOs. °2 1 
(“Ferric Phosphate soluble” N.F. VIII, pow- 
der). B: Same as 4 except ferrous sulfate 
used instead of ferric phosphate. C: (a modi- 
fication of mixture 12, Jones and Foster, J. 
Nutrition, 1942, v24 245). NaCl, 292.5 
(iodized table salt used to reduce tendency to 
liberate iodine); KH»PO,, 816.6; MegSQO,, 
120.3; CaCQ3, 800.8; FeSO, ° 7 HO, 56.6; 
KD 66. MnsO.*:2 He0; 9:35°-ZnCl>, 0.55; 
€usO,2-5;-H20, 1:00; CoCle* 6 HO, 0.05. 
Diets #1: Glucose, 33; casein, 28; lard, 17; 
yeast, dried brewers, 8; alfalfa leaf, dried, 4; 
salts A, 7; cod liver oil, 2; wheat germ oil, 1. 


#2: Same but without wheat germ oil. #3: 
Same as #1 except salts C, 4%. #4: Same 
as #3 except without wheat germ oil. #5: 


Same as #1 except with salts B. 

Results. Growth rates on various diets are 
shown in Table I. Data on development of 
“naralysis” are shown in Table II. 

The first symptom noted in animals, which 
eventually become characteristically involved, 
is a slight, intermittent ataxia. This defect is 
progressive. Later the animals show a slight 
tendency to walk with the hind legs spread 
out. In the fully developed stage they seem 
completely unable to control the hind legs in 
this respect. In this stage the rear end of 
the body is being dragged. Even in the very 
late stage, however, it appears that loss of con- 
trol is not absolute since ineffective efforts to 
use the hind limbs may be noted. 

Loss of tone in the involved limbs is evi- 
dent. There is probably some loss of skin 
sensitivity. Patchy loss of hair occurs ir- 
regularly chiefly over the ventral surface of 
the body (limited to the abdomen). There 
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are no obvious abnormalities in the head re- 
gion. We have not observed involvement of 
the front legs. No trophic ulcers have been 
noted. The general appearance of the mice 
does not suggest atrophy of the muscles. 

Mice may live for months in this condition. 
Immediate cause of death is not evident at 
autopsy. The muscles do not appear to be 
atrophied. There may be patchy involvement 
of the lungs. Some pigmentation of the cen- 
tral nervous system is evident. 

Discussion. The above results leave no 
doubt that mice develop typical symptoms of 
“paralysis” when fed suitable diets. The 
symptom complex is very similar to that de- 
scribed for the rat by Ringsted(2) and later 
by Burr, Brown, and Moseley(3). 

It is not clear why some investigators work- 
ing with mice have failed to obtain positive 
results. Tobin(8) did not observe paralysis 
in mice on diets containing the usual 2% of 
cod liver oil but did observe the symptoms 
when amount of oil was increased to 10% or 
20%. Pappenheimer(6) reported pathologi- 
cal findings in mice from experiments de- 
scribed by Goettsch(5). Microscopic lesions 
without paralysis were present in skeletal 
muscle in about 20% (average for various age 
groups) of mice up to 439 days of age. Men- 
schik(7) et al. have described symptoms of 
paralysis seen in the British M.R.C. strain of 
mice subjected to chronic vit. E deficiency. 
The average age of onset was 403 days (209- 
648 days). The slowly progressive character 
of the disorder, as they observed it, is indi- 
cated by the fact that one mouse lived 262 
days after onset of dystrophy. Their descrip- 
tion of symptoms and their photographs leave 
no doubt that in all essential respects the dis- 
order is the same as that observed by us. 

It is known that certain dietary factors in- 
fluence the results of E deficiency. Macken- 
zie(9) found that deficiency of vit. A, pyri- 
doxine or protein intensified the changes due 
to E deficiency in the rat. Mackenzie(9), 
Tobin(8) and Rumery(10), and McCay and 
coworkers(11,12) have reported that cod liver 
oil increases the severity of E deficiency in a 
number of species. 

The data reported above show that the 
mineral content of the diet is a determining 
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factor in the development of mouse “paral- 
ysis.” 

Our results cannot be explained on the as- 
sumption that we are dealing with a simple 
vit. E deficiency uncomplicated by other fac- 
tors. Such an assumption would be reason- 
able if we had only the result of removing 
wheat germ oil from diet #1. In this case re- 
moval of oil results in animals developing the 
deficiency syndrome which does not occur 
when the diet contains the oil. However, re- 
moval of oil from diet #3 fails to produce the 
same result. During recent years several 
groups of mice have lived their whole life span 
on this diet without showing such symptoms 
of paralysis. The difference between diets 1 
and 3 is that the latter is made with a more 
complex salt mixture containing trace ele- 
ments not found in salt formula A. 


The complexity of the problem is further 
increased by the fact that when we substitute 
ferrous sulfate (the usual iron salt in for- 
mula C) into formula A, instead of ferric 
phosphate the mice develop the “paralysis” 
syndrome even though diet contains the usual 
amount of wheat germ oil. Thus diet 5 pro- 
duces the same symptoms as diet 2 except that 
the symptoms are somewhat worse and mor- 
tality at 52 weeks is greater. It is tempting 
to assume that the trace elements in the modi- 
fied Jones-Foster formula (but lacking in the 
modified Osborne-Mendel formula) determine 
the effect of ferrous sulfate. However, there 
are other differences between these salt for- 
mulas. At present the reason for the observed 
difference is not known. We also have no 
convincing explanation for the fact that re- 
moving wheat germ oil from one diet produces 
“paralysis” which is not seen when the oil is 
removed from the diet made with the modified 
Jones-Foster formula. 


As we reported earlier(13), C3H mice regu- 
larly die of heart failure beyond one year of 
age when fed the diet made with the modi- 
fied Jones-Foster formula (diet #3 above). 
Whether there is a relationship between the 
observed heart failure and the “paralysis” 
syndrome remains to be determined. It is 
possible that they are different manifestations 
of chronic E deficiency. 


VITAMIN E “PARALYSIS” IN MICE 


Since salts have been found to play an im- 
portant role in determining the response to 
vit. E, we point out that a somewhat similar 
situation has recently been reported for certain 
B vitamins. Layman and Elvehjem(14) 
called attention to the lability of thiamine in 
certain purified rations. They found that as 
much as 80% of thiamine could be destroyed 
in 2 weeks. Rombouts(15) reported that the 
destructive effect of the Phillips and Hart salt 
mixture on B vitamins was not observed when 
a U.S.P. mixture was used. Waibel, Bird, and 
Baumann(16) found thiamine to be much less 
stable in a diet containing salts than in a salt 
free diet and that a ballmilled salt mixture 
was more destructive than a mixture of or- 
dinary fineness. They discuss possible ex- 
planations. 

For a detailed consideration of the relation 
of vit. E to degeneration of muscle in various 
species the reader is referred to the compre- 
hensive review of Mackenzie(9). 


Summary. 1. Typical symptoms of “‘paral- 
ysis” occur in C3;H male mice when wheat 
germ oil is removed from the diet made with 
a modified Osborne-Mendel salt mixture but 
not when the diet is made with a modified 
Jones-Foster mixture. 2. The same symptoms 
develop when ferric iron is replaced by ferrous 
iron in the modified Osborne-Mendel mixture 
even though wheat germ oil is present in the 
diet. 3. Although the observed “paralysis” is 
apparently identical with that seen by several 
investigators in other species of mammal in 
association with vitamin E deficiency, the fact 
that the mineral content of the diet determines 
the character of the manifestations of such 
vitamin deficiency raises questions concerning 
the mechanism of the effects which are still 
unanswered. 
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Recent experimental work has indicated 
that large doses of salicylates exert a marked 
influence upon the carbohydrate metabolism 
of the experimental animal(1-10). In this pa- 
per, we wish to present further observations 
dealing with these effects. Such information 
may have relevance to an understanding of 
the profound metabolic disturbances which 
occur in clinical salicylate intoxication and 
may provide further insight into the pharma- 
cology of this group of drugs. 


Methods. Male rats of the Sprague-Daw- 
ley strain weighing between 200 and 300 g 
were used. In all experiments, food was 
withdrawn 24 hours prior to the administra- 
tion of drugs. Water was allowed throughout 
the course of the experiments. Sodium salicy- 
late was administered subcutaneously in a 
peanut oil suspension; control rats received 
peanut oil alone in comparable volumes. 
Compound F alcohol? in saline suspension 
was also administered subcutaneously. Chem- 
ical methods were as follows: blood urea ni- 
trogen (BUN), Conway(11); urinary nitro- 


* This investigation received support from the Jef- 
ferson MacLeod Moore Estate of University of 
California Medical School. 

+t Bank of America-Giannini Foundation Fellow in 
Pediatrics. Present address: Department of Pedi- 
atrics, University of N. Carolina School of Medicine, 
Chapel Hill, N. C. 

¢ Compound F alcohol was provided by Dr. Peter 
H. Forsham from material furnished by Merck and 


Co. 


gen, micro-Kjeldahl; liver and muscle glyco- 
gen, Pfluger digestion with estimation of the 
reducing substance following hydrolysis by 
the Nelson method(12). Free flowing tail 
blood was used for all blood chemical deter- 
minations. For the glycogen determinations, 
the animals were anesthetized with nembutal 
and the gastrocnemius muscle and the liver 
rapidly removed and immediately placed into 
tared stoppered vessels containing 30% 
KOH. In calculating the nitrogen balances, 
correction was made for the rise in BUN of 
the salicylate-treated rats by subtracting the 
BUN at the beginning of the experiment from 
that at the end and multiplying the difference 
by an estimated volume distribution of urea 
assumed to be 60% of the body weight at the 
end of the experiment. This figure was then 
added to the urinary nitrogen. Such a cor- 
rection is essential for the accurate determin- 
ation of the nitrogen balance, since salicylate- 
treated animals frequently show a significant 
rise in BUN; this rise is probably secondary 
to electrolyte and water deficits as a result 
of the rapid excretion of these substances un- 
der the influence of toxic doses of salicylates 
Glsis 

Results. Liver Glycogen: Table I shows 
the data obtained on the levels of liver glyco- 
gen in rats treated in various ways. All ani- 
mals were fasted 24 hours in order to deplete 
the liver of preformed glycogen (Group O). 
During the next 24 hour period, the control 
group (Group I) showed some increase in the 
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TABLE I. Liver Glycogen Levels. 


: Las 

2 oe Ease Sas 

o Treatment* Zayas S wz 

0 24 hr fast 6 — 45+ 26 

i Peanut oil 5 — 249+ 53 

II 75mg Na Sal. 5 0 113 + 87 

III 10mg Fale. 6 —_ 3230 + 318t 

IV 75mg Na Sal. + 7 0 351 + 180 
10 mg F ale. 

V 25mg Na Sal. + 5 0 3610 + 340t 
10 mg F ale. 

VI 75mg Na Sal. + 5 12 380 + 299 
10 mg F ale. 

VII 25 mg Na Sal. + 4 12 1195 + 3011t 
10 mg F ale. 


* All drug doses in mg/100 g body wt. All ani- 
mals fasted 24 hr before any drugs given. Com- 
pound F aleohol given at this time in all cases 

0 hr). 
+ Indicates statistical significance at a level of 
p = <0.01 when compared to Group I. 

{ Indicates statistical significance at a level of 

p = <0.01 when compared to Group V. 


liver glycogen; treatment of a comparable 
group of animals with a large dose of sodium 
salicylate tended to depress this rise (Group 
II), but this difference was not statistically 
significant. 

Treatment with large doses of Compound F 
alcohol alone (Group III) produced consid- 
erable deposition of glycogen as expected, but 
when both Compound F alcohol and salicylate 
were administered together (Group IV), no 
such rise occurred. The differences between 
Group III and Group IV were highly signifi- 
cant. A smaller dose of salicylate (25 mg/100 
g) was ineffective in preventing the glycogen 
deposition induced by treatment with steroid 
(Group V) when both agents were adminis- 
tered at the same time. It seemed likely that 
this lack of effect with the smaller dose might 
be due to the relatively slow absorption of the 
steroid in relation to the more rapid absorp- 
tion of the salicylate. Indeed, measurement 
of blood levels after various doses of salicylate 
revealed that with the 25 mg/100 g dose, the 
major rise and fall in the blood level occurred 
in the first 12 hours whereas this rise and fall 
occupied nearly 24 hours with the 75 mg/100 
g dose. 

By spacing injection of salicylate 12 hours 
following the dose of steroid, the glycotropic 
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effect of Compound F alcohol was antag- 
onized with both dose levels (Groups VI and 
VII). These experiments demonstrate that 
the effects being studied were not confined to 
large nearly fatal doses, but could also be ob- 
tained with smaller, though still toxic, doses. 

Nitrogen Balances: Table Il summarizes 
data obtained on the nitrogen balances. 
Treatment with either Compound F alcohol 
or salicylate (75 mg/100 g) produced a 
greater negative nitrogen balance than that 
of the control. This effect was not additive 
when both agents were used concurrently. 

Muscle Glycogen: These data are also 
shown in Table II. Salicylate treatment (75 
mg/100 g) produced a considerable fall in the 
muscle glycogen, an effect which was coun- 
tered by simultaneous administration of Com-- 
pound F alcohol. 

Discussion. The inhibition of the glyco- 
tropic effect of Compound F by salicylates 
demonstrated in the rat liver in this paper 
may be related to the findings of other work- 
ers that salicylate causes a breakdown of pre- 
existing liver glycogen in the normal rat, the 
alloxan-diabetic rat and the adrenalectomized 
rat(1,5-7) as well as being related to the 
demonstration of a block in the deposition of 
liver glycogen in the alloxan-diabetic rat, the 
cortisone-treated adrenalectomized rat and 
the normal rat receiving a glucose load by 
mouth(1,5-8). Both of these effects of salic- 
ylate, acceleration of glycogenolysis as well as 
inhibition of glycogenesis under the influence 
of adrenal steroids, have been confirmed in 
an in vitro system by M.J.H. Smith(14). As 
judged from the magnitude of the nitrogen 
balances reported in this paper, the failure to 
deposit liver glycogen in the salicylate-steroid 
treated group cannot be attributable to fail- 
ure of provision of adequate precursors of 
glycogen from protein. Rather it would 
seem that such precursors follow other: 
metabolic pathways, possibly conversion to 
fat as well as to blood glucose. 

From previous work, salicylate is known to 
exert other effects upon the metabolism of 
carbohydrate in the general direction of in- 
creasing utilization of carbohydrate in the 
peripheral tissues. Thus large doses of these 
drugs have been found to reduce the degree: 


SALICYLATES AND CARBOHYDRATE METABOLISM 


411 


TABLE II. Nitrogen Balances and Muscle Glycogen Levels. 


Nitrogen balance Muscle glycogen 
. No.of MeanandS.D. No.of MeanandS.D. 
Group Treatment* animals (mg/rat) animals (mg % wet wt) 
I Peanut oil 5 219 + 45 4 562 + 48 
Eh 75 mg Na Sal. 5 —365 + 35t 6 154 + 44t 
ITI LO maetales 5 —438 + 56+ 6 436 + 94t 
IV 75 ” NaSal. + 10 mg F ale. 5 —398 + 29+ 5 550 + 53 


* All drug doses in mg/100 g body wt, administered after a 24 hr fast. 
t Indicates statistical significance at a level of p— <0.01 when compared to Group I. 


¢ Idem 


of glycosuria, to lower the blood sugar, and 
to improve the glucose tolerance in various 
forms of experimental diabetes(1-7). Such 
effects, moreover, occur with either no change 
or even a rise in the urinary nitrogen excre- 
tion(3,7). It is possible that the lowering 
of muscle glycogen recorded in this paper rep- 
resents another manifestation of this accelera- 
tion of carbohydrate utilization. 

Our data as well as those of others reviewed 
above demonstrate certain antagonistic effects 
of salicylate and adrenal steroids in carbohy- 
drate metabolism. ‘These findings have bear- 
ing on recent speculation that high doses of 
salicylate activate the anterior pituitary- 
adrenal cortical axis to a heightened rate of 
secretion. Such speculation derives primarily 
from a similarity of the therapeutic action of 
these two agents as well as from the findings 
suggesting adrenal cortical stimulation in ex- 
perimental or clinical salicylism(13,15,16). 

If large doses of salicylate do cause in- 
creased secretion of the adrenal cortex, it is 
apparent that the excessive adrenal steroid 
output does not exert its “pure” effects upon 
the carbohydrate metabolism of the animal. 
Rather these effects are markedly conditioned 
directly or indirectly by the presence of salic- 
ylate so that the resultant pattern of carbohy- 
drate (and electrolyte(13)) metabolism is 
distinctively different from that seen with 
“pure” adrenal cortical stimulation. 

Summary. Fasting rats given large doses 
of sodium salicylate fail to deposit liver glyco- 
gen even when they are given a major stimu- 
lus for such deposition in the form of Com- 
pound F. Yet such animals continue to 
break down body protein at an accelerated 
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rate as judged by the nitrogen balances. The 
level of muscle glycogen salicylate-treated 
rats is reduced and this effect is countered by 
concurrent treatment with Compound F. The 
significance of these findings is briefly dis- 
cussed. 


The authors wish to express their appreciation to 
Professor William C. Deamer and to Dr. Peter H. 
Forsham for advice and encouragement and to Dr. 
Forsham for making the facilities of the Metabolic 
Unit of the School of Medicine available. 
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Swallow(1) observed that DPNH was not 
produced in solutions of DPN irradiated with 
30,000 or 120,000 r of y-rays; however, DPN 
solutions irradiated in the presence of ethyl 
alcohol gave rise to DPNH. He concluded 
that the free C.H,OH radical was responsible 
for this reaction. While the investigation de- 
scribed in the present paper was in progress, 
Barron e¢ al.(2) confirmed that DPN was not 
reduced by X-irradiation (100,000 r) but 
showed that DPNH was readily oxidized 
(1,000 r). A decrease in absorption spectrum 
of DPN at 260 mp, corresponding to the pyri- 
midine moiety of the coenzyme, was found(2). 
DPN reduced by X-irradiation in the pres- 
ence of alcohol or lactate was reduced to a 
compound which was only partially active 
when tested with crystalline alcohol dehydro- 
genase(2). Since DPN is an essential com- 
ponent of a number of anaerobic dehydro- 
genases, it was considered of interest to deter- 
mine whether whole-body irradiation has any 
effect on this coenzyme. Under normal con- 
ditions, both DPN and DPNH are present in 
tissues. Conceivably, either of these com- 
pounds could be chemically altered by direct 
ionization or by the products of irradiated cel- 
lular water or both. Such changes would es- 
cape detection in the usual manometric and 
spectrophotometric assays for DPN-linked 
dehydrogenases because these technics require 
the fortification of homogenates with large 
amounts of purified DPN. Hence, while a 
change in dehydrogenase activity employing 
optimal zm vitro conditions may be clearly in- 
terpreted as an alteration in the apoenzyme 
component of a pyridinoprotein, unchanged 
enzyme activity may still involve significantly 


* The following abbreviations are employed: DPN 
= oxidized diphosphopyridine nucleotide; DPNH 
= reduced diphosphopyridine nucleotide. 

This study was supported by grants from the 
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lowered in vivo nucleotide levels possibly 
masked by the addition of pure coenzyme. 

The experiments presented here show 
clearly that the concentration of oxidized 
DPN is relatively unaffected in the livers of 
rats exposed to a lethal dose of whole-body X- 
irradiation, while that of the reduced coen- 
zyme is significantly lowered. 

Methods. Male rats (80-120 g) obtained 
from the Wistar Institute were irradiated as 
previously described(3) with a total dose of 
either 700 or 980 r of 240 KV X-rays filtered 
through 0.25 mm Cu and 1.0 mm Al at an 
average rate of 121.8 r/minute and a target 
distance of 50 cm. For the first 24 hours 
after irradiation, food was withheld from ir- 
radiated and control rats. A stock commercial 
diet (Nurishmix or Purina dog chow check- 
ers) was then pair-fed to all animals. Con- 
trol and X-rayed rats were sacrificed by de- 
capitation. Portions of the livers were re- 
moved and blotted free of blood, and DPN 
and DPNH determinations were carried out 
according to a method reported recently(4). 
The method involves heat-treatment (100° 
C) of liver suspended in buffer followed by 
homogenization, further heating, and high- 
speed centrifugation to clarify the extract. 
Both forms of the coenzyme are determined 
spectrophotometrically on separate aliquots of 
one extract using crystalline alcohol dehydro- 
genase and either ethanol and buffer at pH 
9.0 (for DPN) or acetaldehyde and buffer at 
pH 7.1 (for DPNH). Since it has been shown 
(4) that liver samples analyzed several min- 
utes after decapitation contain significantly 
less DPN than samples taken as soon after 
sacrifice as possible, it was deemed of inter- 
est to test samples from all livers for DPN at 
both time intervals. If the irradiation had 
effected a marked change in the activities of 
either DPN nucleosidase or pyrophosphatase, 
this procedure might make possible the detec- 
tion of an increased breakdown of coenzyme 
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TABLE I. Effect of Whole-Body X-Irradiation on the Concentrations of DPN and DPNH in Rat 


Liver. All concentrations are expressed on basis of 10 mg N. 

Exp. No. of ug DPN ug DPNH ug DPN + DPNH DPN/DPNH 

No. ip Group PULSE EAS Glew 4 Avg 15 4 Avg 15 4 Avg 1.5 4 
fie 7002 Control, M0 lost 117 699 ° 80 Sdn) 80) 1881197 179 d.d6) 46nd 
X-ray 16 IAKGy AIG) TS} a 77 He 193 193 i193 Ia Ales yf L355 7/ 
2 980 Control 6 ial: Oy 5s MY BBG SOO OMe al 1°28) 130 325 
X-ray 12 TO Tae OR d4. «5454 LOLS GG L56 198) 220 (eso 
3 980 Control 6 109 114 105 als Tale) Ta 224 -232 217 OD Ome OE 
X-ray 12 115 «6115 «4114 DS OG LOM 23 Zid 215 LG 2 Oats 
4 980 Control 3 OOS aL LOZ 83 85 81 192 200 183 13k 1.35 126 
X-ray 5) abitay — llaites — alal2) 63 64 62 178 182 174 1.83° 1.84 1.81 


. * Avg = Avg value for the 2 


samples taken at 1.5- and 4-min. intervals after decapitation. 1.5 and 


4 — values for the 2 samples taken at these intervals. 
+ Each value represents the avg of all animals in each group. 


between the two sampling periods. DPNH 
was also determined at both intervals al- 
though it had been observed that this com- 
pound is relatively unchanged in normal liver 
samples taken at these  periods(4). 
For the purpose of standardization, 2 
samples from each control and X-rayed liver 
were tested at 1.5- and 4-minute intervals 
after decapitation. Prior to centrifugation of 
the boiled homogenates, aliquots were re- 
moved for the determination of total nitrogen 
content by the micro-Kjeldahl method. 
Results. In Table I, the data for all post- 
irradiation periods studied are averaged to- 
gether for the concentrations of DPN, 
DPNH, and DPN-+DPNH based on the 
nitrogen content of the tissue; DPN/DPNH 
ratios are also presented. In Exp. 1 (700 r), 
4 control and 4 X-rayed rats were sacrificed 
5 hours after exposure and 2 control and 4 
irradiated animals at 30, 73, and 150 hours 
following exposure. No significant change in 
the concentration of DPN was found at any 
of these periods, whether the level of liver 
coenzyme was expressed on a wet weight or 
nitrogen basis. The concentration of DPNH 
was likewise unchanged when related to nitro- 
gen content but lowered by 13% when based 
on wet weight. In Exp. 2, the rats were given 
a total dose of 980 r. Two control and 4 ir- 
radiated animals were sacrificed at 15, 39, 
and 77 hours after X-raying. It can be seen 
that while the concentration of liver DPN re- 
mained unchanged at this dose of radiation, 
that of DPNH was diminished by an average 
of 32%. The decrease in DPNH concentra- 


tion, which was apparent 15 hours after ex- 
posure and still evident at 77 hours, was the 
same whether the changes in optical density 
were related to the nitrogen content or wet 
weight of the liver samples assayed. In or- 
der to confirm the decline in DPNH concen- 
tration at 980 r, another group of animals 
(Exp. 3) was irradiated, and both X-rayed 
and control rats were studied at 15, 39, and 
63 hours after exposure. DPNH levels were 
again somewhat lowered, but the average for 
the entire post-irradiation period was only 
—15 and —18% when based on nitrogen con- 
tent and wet weight, respectively. In a 4th 
experiment involving 3 control and 5 X-rayed 
animals investigated at 15-21 hours after ex- 
posure to 980 r, the decrease in the concen- 
tration of liver DPNH amounted to 25%. 

In no instance did irradiation appear to 
cause a significant change in the concentration 
of the oxidized coenzyme in liver samples 
taken 1.5 minutes after sacrifice. Since the 
usual decline in the DPN concentration of 
samples taken at 4 minutes was observed 
more consistently for control than for ir- 
radiated animals, DPN levels of the latter 
group at 4 minutes were consistently slightly 
higher than those of the controls. A larger 
series of animals would have to be studied 
before such a trend could be considered sig- 
nificant. The DPNH levels for the 1.5-and 
4-minute intervals were essentially identical 
for the control rats as well as the exposed ani- 
mals. The increased DPN/DPNH ratios 
and the decreased total DPN levels of the X- 
rayed livers (particularly Exp. 2 and 4) re- 
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flect the decreased concentrations of DPNH 
found at 980 r. 

Discussion. On the basis of the results re- 
ported in this study, it may be inferred that 
the destruction of liver DPN, whether oxi- 
dized or reduced, is not a factor in the produc- 
tion of injurious effects following the exposure 
of rats to sub-lethal doses of ionizing radia- 
tions. Indeed, even at a lethal dose, the rela- 
tively small decrease in liver DPNH probably 
negates its involvement in the events leading 
to death from radiation sickness. It is of in- 
terest to compare the results described in this 
investigation with the im vitro findings of Bar- 
ron et al.(2). They observed that a solution 
of DPNH became oxidized (decline in the 
absorption band at 340 mu) after receiving 
1000 r but that a solution of DPN was not 
reduced (no appearance of the 340-myp band). 
Enzymatic reduction of the irradiated sample 
showed that the decrease in optical density at 
this wave-length was due to DPNH oxidation 
since the band at 340 mp reappeared(2). On 
the other hand, the reduced product formed 
on irradiating oxidized DPN (45,000-50,000 
r) in the presence of ethanol or lactate was 
tested for enzymatic activity with alcohol de- 
hydrogenase and acetaldehyde and found to 
be rapidly oxidized, but only to the extent of 
50% of the added nucleotide. The same 
events do not seem to occur under the in vivo 
conditions presented in this report. If the 
15-32% decrease in the concentration of 
DPNH were due to oxidation to DPN, then 
the irradiated livers should have exhibited an 
equivalent rise in oxidized DPN levels. No 
evidence was found for such an increase in the 
amount of DPN; hence, it would appear that 
the lowering of the DPNH concentration is 
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due to some change in the structure of the 
reduced nucleotide other than oxidation. An- 
other possibility is that the absence of a 15- 
32% increase in the concentration of oxidized 
DPN reflects a combination of two effects, 
that is, partial destruction of oxidized DPN 
and the conversion of an equivalent amount 
of DPNH to DPN. It has been pointed out 
that in all 4 experiments a slight increase in 
the DPN concentration of irradiated livers 
was found. 

In view of the results obtained in other in- 
vestigations on the changes of biochemical 
components in tissues more radiosensitive 
than liver(3,5), studies are now in progress 
to determine the effect of varying levels of 
whole-body X-irradiation on spleen and thy- 
mus DPN and DPNH. 


Summary. X-irradiation of intact rats with 
700 r had little effect on the concentrations 
of oxidized and reduced DPN of liver, while a 
dose of 980 r lowered the level of reduced 
DPN by 15-32% without significantly alter- 
ing the amount of oxidized coenzyme. Pos- 
sible explanations for these results have been 
discussed. 


We wish to thank Miss Jeanne Boyd for valuable 
technical assistance. 
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Effect of Scurvy on Hexokinase Activity of Tissues of Guinea Pigs. (21604) 


SACHCHIDANANDA BANERJEE AND PuLAK Kumar GHOSH. 
From Department of Physiology, Presidency College, Calcutta, India. 


Colowick and Kalckar(1,2) demonstrated 
that the enzyme hexokinase catalyses the 
transfer of the terminal phosphate group of 
adenosine triphosphate to glucose or fructose, 
yielding the corresponding hexose-6-phos- 
phate and adenosine diphosphate. Price, 
Slein, Colowick and Cori(3) observed a de- 
crease in the hexokinase activity of muscle 
and liver of alloxanised rats. Price, Cori and 
Colowick(4) also observed that the liver and 
muscle hexokinase were inhibited 7m vitro by 
certain fractions of anterior pituitary and 
adrenal cortical extracts and this inhibition 
was counteracted by insulin. This work was, 
however, not confirmed by Broh-Kahn and 
Mirsky(5) and Stadie and Haugaard(6). It 
was shown by Banerjee(7) that scorbutic 
guinea pigs showed degenerative changes in 
the islets of Langerhans. Banerjee and Ghosh 
(8) observed diminished insulin content of 
the pancreas in scorbutic guinea pigs. Ban- 
erjee and Deb(9-11) showed by indirect evi- 
dences that adrenal cortical activity was di- 
minished in scorbutic guinea pigs. It was, 
therefore, of interest to study the hexokinase 
activity of the liver, muscle, pancreas and 
kidney of both normal and scorbutic guinea 
pigs. 

Experimental. Male guinea pigs weigh- 
ing between 240 and 320 g were fed a scor- 
butogenic diet(12) with a daily oral supple- 
ment of 5 mg ascorbic acid. Animals which 
grew well were selected and divided into 2 
groups. Animals of one of the groups con- 
tinued to receive 5 mg ascorbic acid per day 
while the second group of animals received no 
ascorbic acid supplement. All the animals 
received 2 drops of a concentrate of vit. A and 
D twice a week. The food consumption of the 
second group of animals was noted and the 
corresponding animals of the first group were 
pair fed to eliminate any effect of inanition. 

On the 22nd day of the experiment both 
the scorbutic and the normal guinea pigs were 
killed after an over night fast by decapita- 


tion. Liver, kidney, pancreas and _ skeletal 
muscles were removed immediately, soaked in 
filter paper, weighed and homogenized in an 
ice cold all glass homogenizer with ice cold 
0.12 M potassium phosphate buffer of pH 
7.8 containing 0.15 M potassium fluoride in 
the proportion 5 ml buffer to 1 g tissue. 0.2 
ml homogenate was taken in a 15 ml centri- 
fuge tube, incubated at 30° with 0.3 ml of a 
medium consisting of glucose (0.0024 M), 
potassium ATP (0.005 M), magnesium chlor- 
ide (0.005 M), potassium fluoride (0.05 M), 
potassium phosphate buffer of pH 7.8 (0.04 
M), and potassium chloride (0.042 M), for 
10 minutes. Control experiments were car- 
ried out using the complete medium as above 
but without ATP. After incubation 0.5 ml 
of 0.3 N barium hydroxide was added to ar- 
rest enzyme activity, 0.5 ml of a 5% zinc 
sulfate solution was added to precipitate pro- 
teins and to adsorb the glucose-6-phosphate, 
3.5 ml water was then added, mixed and cen- 
trifuged. The centrifugate was filtered 
through Whatman No. 42 filter paper and 
glucose in the filtrate was estimated by the 
method of Hagedorn and Jensen(13). To 
estimate the glucose present in the homogen- 
ate, 0.3 ml water was taken in a centrifuge 
tube and the following were added in order, 
0.5 ml barium hydroxide, 0.2 ml homogenate, 
0.5 ml zinc sulfate solution and 3.5 ml water. 
Contents were mixed and centrifuged, and 
glucose was estimated in the filtered centri- 
fugate. An aliquot of the homogenate was 
dried at 105° to constant weight to get the 
dry weight. The hexokinase activity was 
measured by the rate of glucose utilization 
according to the method described by Long 
(14) and was calculated in terms of micro- 
grams of glucose disappearing per mg dry 
weight of tissue per hour (—Q_ glucose). 
Adenosine triphosphate used in the investiga- 
tion was prepared from rabbit muscle as the 
dibarium salt according to the method of 
Dounce; Rothstein, Beyer, Meier and Freer 
(15). All the chemicals used were of analyti- 
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TABLE I. Hexokinase Activity of Tissues of 
Guinea Pigs (—Q Glucose). 
Skeletal 
Liver muscle Panereas Kidney 
Normal 67 £1.8* 85 +21 95+2.0 7O+11 
(11) 
Scorbutie SO +2.12 7841.2 98+2.5 92 + 2.2 
(11) 
t 6.3 229 0.9 6.4 


Figures in parentheses indicate No. of animals, 
* Stand. error. 


cal reagent grade. The results are given in 
Table I. 
Discussion. A significant decrease in the 
hexokinase activity of the liver and skeletal 
muscle was observed in scorbutic guinea pigs. 
No change in the hexokinase activity was ob- 
served in the pancreas while the same in the 
kidney was considerably increased during 
scurvy. As the skeletal muscle and liver are 
mainly concerned in the utilization of glucose 
in the body, the diminished hexokinase ac- 
tivity in these 2 tissues in scurvy might be 
responsible for the altered carbohydrate 
metabolism observed by Banerjee and Ghosh 
(8). Insulin is said to counteract the anti- 
hexokinase activity of anterior pituitary and 
adrenal cortex. The diminished insulin for- 
mation in scorbutic guinea pigs(8), therefore, 
might be the reason for the decreased hexo- 
kinase activity in the muscle and liver. 
Summary. Scurvy was produced in guinea 
pigs and the hexokinase activity of liver, 
skeletal muscle, pancreas and kidney was 
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studied. The results were compared with the 
hexokinase activity of the same tissues of 
normal pair-fed controls. The hexokinase 
activity in the liver and __ skeletal 
muscle of scorbutic guinea pigs was 
significantly diminished. No change was no- 
ticed in the pancreas. Kidney from scorbutic 
guinea pigs showed enhanced hexokinase ac- 
tivity. 
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Effect of Methionine and Casein on Acetoacetate Induced Hyperglycemia. 
(21605) 


M. C. Natu, C. H. CHAKRABARTI, AND S. G. NAyupu. 


From the University Department of Biochemistry, Nagpur, India. 


Lazarow(1,2) reported that injection of 
large doses of glutathione immediately pre- 
ceding a diabetogenic dose of alloxan com- 
pletely protects rats from diabetes. Griffiths 
(3) showed that diabetes can be induced in 
rabbits by injection of uric acid only when 
the blood glutathione level is depleted by 
keeping the animals on a cystine-methionine 


deficient diet. He observed further that if 
the deficient diet was supplemented by 0.2% 
methionine the blood glutathione level did not 
fall appreciably nor did the rabbits develop 
hyperglycemia following uric acid injection. 
Nath and his associates(4,5) reported that 
gradual accumulation of the acetoacetate in 
the system is responsible not only for the on- 
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set of hyperglycemia but also for the develop- 
ment of other diabetic symptoms associated 
with decreased sugar tolerance in the experi- 
mental animals (rabbits) kept on Bengal gram 
(Cicer areatinum) diet. This fat metabolite 
has further been shown in this laboratory to 
cause inactivation of endogenous insulin both 
im vivo as well as in vitro and to bring about 
considerable decrease in the potency of pan- 
creatic insulin of guinea pigs on prolonged in- 
jection(6,7), also to bring about a marked 
depletion in blood GSH of these animals(8) 
and to increase their susceptibility to alloxan 
diabetes(9). 

Tidwell et al.(10) have reported that they 
could not find any appreciable effect of sodium 
acetoacetate on glycogen storage in the liver 
and muscle of rats, neither could they observe 
any change in blood sugar except slight hypo- 
glycemia(11). Since they used a different 
species of animals and a diet, in which the 
percentage of protein (casein) was higher 
than that of ours and since casein contains an 
appreciable amount of methionine, it was 
thought worthwhile to investigate the role of 
methionine and casein on acetoacetate induced 
hyperglycemia in rabbits with a view to ac- 
count for the difference in behavior shown by 
the two different types of animals and those 
again kept on different diets. 

Experimental. Forty healthy rabbits each 
weighing approximately 2 kg body weight were 
divided into 6 groups. The animals of Group 
I were kept on the cystine-methionine deficient 
diet prepared according to Griffiths(3). The 
animals of Groups II, III, IV, and V were fed 
cystine-methionine deficient diet supplemented 
with varying amounts of methionine as shown 
in Table I. The last group of animals were 
kept on cystine-methionine deficient diet in 
which 26% carbohydrate was replaced iso- 
calorically by 26% casein. All the animals 
were kept in individual cages. Sodium aceto- 
acetate was given intraperitoneally in increas- 
ing doses beginning from 50 mg/kg body 
weight. Blood sugar was determined periodi- 
cally according to the method of Hagedorn 
and Jensen(12) and blood GSH was estimated 
by the method of Woodward and Fry(i3). 
The results are shown in Tables I and II. 

Results. Data as per Table I indicate that 
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methionine in large concentration leads to the 
prevention of hyperglycemia caused by daily 
repeated injection of acetoacetate. Methio- 
nine, which when given in lower concentration, 
i.e. 0.2% to 0.5% of the diet, shows but 
slight effect on the prevention of hypergly- 
cemia, is highly effective while used in higher 
concentration (i.e. 1%) up to a period of 40 
days. If the concentration of methionine is 
increased still further (7.e. 2%) it can com- 
pletely protect the animals from hyperglyce- 
mia throughout the period of experiment (i.e. 
70 days) accompanied with only a slight fall 
in blood GSH. It can also be seen from Table 
I that animals maintained on the diet supple- 
mented with casein (26%), as used by Tid- 
well ef al.(11), show normal blood sugar 
values up to 40 days; but as the injection is 
continued for another 30 days, there is a 
slight tendency of hyperglycemia in these ani- 
mals. Such hyperglycemia seems to be due 
to the insufficiency of methionine owing to 
the increased demand of such compounds, 
through the continuous injection of acetoace- 
tate, as is evident from the fact that the ani- 
mals supplemented with 2% methionine show 
no indication of the development of hyper- 
glycemia at all. 

The data further show that there is an in- 
verse relationship between the blood sugar 
level and the glutathione concentration of 
blood. The greater the depletion of blood 
GSH, the greater is the value of blood sugar. 
Similar behavior has also been reported ear- 
lier from this laboratory(9). The animals, 
whose blood GSH concentration is maintained 
at the normal level by supplementing methio- 
nine in the diet, do not exhibit hyperglycemia 
thus showing that glutathione plays an im- 
portant part in the prevention of acetoacetate 
induced hyperglycemia and the addition of 
the requisite amounts of methionine or casein 
protects the animals from the depletion of 
blood GSH. 

Tidwell e¢ al.(11) failed to observe hyper- 
glycemia in rats kept on a diet containing 26% 
of casein through acetoacetate injection. We 
have also not observed any appreciable change 
in blood sugar of rabbits kept on such diet for 
40 days. In a recent communication from this 
laboratory(14) it has been shown that rats 
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require very high concentration of acetoace- 
tate for producing hyperglycemia and gluco- | 
suria. In a previous communication, it was 
shown by Nath and Chakrabarti that - 
hydroxybutyrate in lower concentration can 
deplete liver and muscle glycogen in rats on 
20% casein diet(15). 
havior of the two substances in rats was ac- 


counted for through the difference in their | 
capacity for biosynthesis of ascorbic acid, |} 


which has been found to be stimulated in rats 
by sodium acetoacetate injection. But this 
biosynthesis of ascorbic acid was found to be 
retarded by acetoacetate in higher concentra- 
tion. We observed hyperglycemia and deple- 
tion of glycogen storage in liver and muscle of 
rats by injecting sodium acetoacetate in 
higher concentration. The higher percentage 
of casein in the diet, which Tidwell e¢ al. used 
in their experiments might account for their 
failure to notice hyperglycemia in rats by 
acetoacetate injection. Deficiency of SH com- 
pounds seems to be an essential factor for 
acetoacetate induced diabetes. 

Further, it has recently been reported by 
Chari and Wertheimer(16), who have indi- 
cated clearly from their studies with rat 
diaphragm that acetoacetate at a concentra- 
tion higher than that of glucose has a specific 
action on the retardation of glycogen synthesis 
even in presence of insulin; but while the con- 
centration of acetoacetate is much lower than 
that of glucose (1:4) no such effect could be 
observed. This behavior of acetoacetate has 
also been confirmed in this laboratory(14). 
Details to be reported later. 

Summary. 1. Hyperglycemia caused by 
daily repeated injection of acetoacetate to 
rabbits was completely prevented by supple- 
menting 2% methionine to sulfhydryl defi- 
cient diet. 2. Methionine in lower concentra- 
tion (0.2 to 0.5%), however, failed to prevent 
acetoacetate induced hyperglycemia. 3. A 
partial prevention of such hyperglycemia is 
observed when the concentration of methio- 
nine is maintained at 1% level. 4. Animals 
maintained on the diet supplemented with 
casein (26%) show normal blood sugar value 
up to 40 days. But as the injection is con- 
tinued for another 30 days at the following 
doses of acetoacetate injection: 31st to 50th 


This difference in be- |) 
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day, 150 mg/kg; 51st to 70th day, 225 mg/kg, 
there is a slight tendency of hyperglycemia in 
these animals. 5. An inverse relationship be- 
tween the blood glutathione concentration and 
blood sugar value has been observed. More 
the depletion of blood GSH, more is the rise 
of blood sugar brought about by the ketone 
bodies. 6. Deficiency of SH compounds seems 
to be an essential factor for acetoacetate in- 
duced diabetes in experimental animals. 
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Since the first reports(1) it has been con- 
firmed that topical applications of hydrocor- 
tisone are of value in treatment of certain pre- 
viously intractable, resistant, or chronic der- 
matoses(2-7). Dermatologic use of hydro- 
cortisone ointment is now one of the most fa- 
vored topical therapeutic agents. While sys- 
temic administration of cortisone or hydro- 
cortisone or of ACTH is more effective in 
many cases, absence of the serious, some- 
times dangerous systemic effects, when hydro- 
cortisone is used externally, make this an in- 
finitely safer and therefore definitely prefer- 
able procedure. This lack of harmful sys- 
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temic effects might be explained, theoretic- 
ally, by assuming that when applied topically 
the hormone penetrates skin lesions  suffi- 
ciently to be therapeutically helpful, but does 
not penetrate to deeper tissues or blood 
stream in sufficient quantity to exert possible 
harmful systemic effects. In many thousands 
of cases which have now been treated, pro- 
longed topical use of hydrocortisone oint- 
ments over large skin areas has, as far as we 
know, not produced a single instance of clini- 
cally discernible systemic action. The rela- 
tively few attempts to demonstrate percutan- 
eous absorption of hydrocortisone in oint- 
ments have so far failed. Such studies have 
utilized circulating eosinophile counts(8) as 
the index of hydrocortisone effect in subjects 
with normal and diseased skins(9). 

In view of the increasing use of topical hy- 
drocortisone preparations in many dermatoses 
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of infants, children and adults and because of 
its possible continued use in ever greater 
quantities and in increasing numbers of pa- 
tients with involvement of larger body sur- 
faces, we considered it important that inves- 
tigations on possible absorption be continued 
and enlarged. Introduction of a new and 
more sensitive test to measure systemic ab- 
sorption of hydrocortisone(10) seemed to 
lend itself ideally to more exact exploration 
of this problem. The colorimetric test used 
detects the presence of 17, 21-dihydroxy-20- 
ketosteroids. This includes hydrocortisone, 
and in addition certain of its metabolic de- 
rivatives. The unconjugated form which is 
measured in plasma has been shown to be 
almost exclusively hydrocortisone(11). In 
the urine, hydrocortisone and its metabolites 
are found. 

Method. Six normal adult male volunteers 
and 9 adult patients (3 9 and 6 3’) with ex- 
tensive or generalized skin disease (bullous 
erythema multiforme, allergic eczematous 
contact-type dermatitis, pemphigus foliaceus 
and psoriasis) were used. Each of 15 sub- 
jects was to have a given amount of hydro- 
cortisone ointment rubbed into large areas of 
skin, and urine and blood subsequently ana- 
lysed for presence of 17, 21-dihydroxy-20- 
ketosteroids. These blood and urine levels 
were compared with the levels in specimens 
taken before application of the hormone and 
also with levels produced by later oral inges- 
tion of hydrocortisone. Each of the specified 
steps was carried out at the same time in vol- 
unteers and patients. The first specimen of 
urine was collected during 12 hour period 
prior to inunction of hydrocortisone ointment. 
A specimen of venous blood was drawn just 
prior to application of ointment. These will 
be referred to as pre-inunction or baseline 
urine and blood specimens. Following col- 
lection of these specimens, each subject was 
rubbed with hydrocortisone acetate _ 214% 
ointment in a washable ointment base (con- 
sisting of zinc stearate, propylene glycol, 
polyethylene glycols, and water). An area 
of the body usually including back, shoulders 
and chest and both palms was rubbed well for 
10 minutes at each inunction. Inunctions 
were done 3 times daily for 3 consecutive 
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TABLE I. 


Blood values of 17, 
21-dihydroxy-20- 
ketosteroids (ex- 
pressed in y %) 


Urinary excretion of 17,21- 
dihydroxy-20-ketosteroids 
(expressed in mg/g creatinine) 


——————Speaimen: Specimen— 
Post-oral 
hydro- 
Pre-I* Post-I cortisone Pre-I Post-I 
Normal subjects 
4.8 3.4 1222 Wi 9 
9) Dal. 25:8 9 5 
6.2 6.9 18.4 25 6 
2.0 2.6 11.0 26 19 
3.1 2.9 16.5 26 tye 
Bee 3.8 Ab Insufficient 17 
sample 
Patients with skin disease 
2.8 SED 9.6 3 11 
22 a3) 21.6 t t 
t t t t t 

2.7 4.6 17.0 19 22 
2.8 3.0 20.0 i 22 
3.3 4.4 18.5 16 ils} 
6.2 Onl 25.6 13 17 

Pes 11.0 10.5 27 2 
4.3 4.3 24.0 26 23 
* T — Inunction. 
+ Lost. 
4 


days. Approximately 3.3 g of ointment con- 
taining about 82 mg of hydrocortisone acetate 
was applied with each rubbing. Hence, a to- 
tal dosage of 750 mg of hydrocortisone ace- 
tate was applied over the 3 day period. Im- 
mediately following the 3 day inunction pe- 
riod, another 12 hour specimen of urine was 
collected and a second blood specimen drawn. 
These will be referred to as post-inunction 
urine and blood specimens. After collection 
of post-inunction urine and blood specimen 
each subject was given 40 mg of hydrocorti- 
sone free alcohol by mouth following which a 
third 12 hour urine specimen was collected. 
This will be referred to as post-oral hydrocor- 
tisone urine. Subjects did not bathe during 
the experiment. Special precautions were 
taken to avoid contamination of urine speci- 
mens with the ointment by parts of the body 


adjacent to and including the penis. Female 
patients were catheterized. 
The results are tabulated in Table TI. 


Presence of an aldehyde in urine and blood 
from paraldehyde which had been taken by 
mouth interfered with the determination of 
17, 21-dihydroxy-20-ketosteroids in case #9. 
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The high urinary excretion values for 17, 21- 
dihydroxy-20-ketosteroids in pre- and _post- 
inunction specimens for case #14 suggests 
some previously existing hormonal abnormal- 
ity; this patient had not been on steroid ther- 
apy. In the remaining 13 subjects in Table 
I there is no significant alteration in pre-in- 
unction and post-inunction urinary 17, 21- 
dihydroxy-20-ketosteroid levels. Table I 
again shows no significant alteration in pre- 
inunction and post-inunction blood 17, 21- 
dihydroxy-20-ketosteroid values. We are un- 
able to account for the unusually low post- 
inunction blood levels in Cases 1, 2, 3, and 7. 
In contrast to these findings, oral adminis- 
tration of a single dose of 40 mg of hydro- 
cortisone was sufficient to produce a signifi- 
cant increase in urinary 17, 21-dihydroxy-20- 
ketosteroids in all 13 subjects (Table I). 
Conclusions. Inunction of relatively large 
body areas of normal or diseased skin with 30 
g of ointment containing 750 mg of hydrocor- 
tisone acetate over a 3-day period does not 
increase the 17, 21-dihydroxy-20-ketosteroid 
levels in urine and blood. This study does 
not rule out the possibility that hydrocorti- 
sone is converted to still another compound 
or so bound with other molecules as not to be 
detectable by the method used, even though 
absorption has taken place. The findings 
lend further support to the mass of clinical 
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evidence indicating that there are no dangers 
to be anticipated from absorption and conse- 
quent systemic effects of therapeutic quanti- 
ties of hydrocortisone applied topically in 
ointment form even to large areas of altered 
skin for long periods of time. 
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The mechanisms by which the host elimi- 
nates antigens may bear a relationship to 
serum sickness and the development of late 
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sequelae in streptococcal infections(1). It 
is well known that certain individuals when 
exposed to the etiological factors of these 
diseases may remain free from the symptoma- 
tology while others will show the characteris- 
tic pathological entity. It is quite possible 
that the rate of elimination of antigenic ma- 
terials may be responsible for this variation 
in response by individuals. Of the present 
known mechanisms concerned in the elimina- 
tion of an antigen by a host, the production of 
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antibodies, and resulting capacity to immo- 
bilize or neutralize and eliminate the antigen 
by subsequent phagocytic action has been im- 
plicated as the main functional unit. Tal- 
mage, ef al.(2) have interpreted the rate of 
protein antigen catabolism as an indicator of 
the degree of antibody response. However, 
injections of relatively large doses of one type 
of antigen, pneumococcal polysaccharide, 
were observed by Felton(3) to so alter the 
immunological system that antibody appeared 
to be no longer produced by a subsequent im- 
munizing dose. This phenomenon, designated 
“immunological paralysis,’ was found to be 
type specific(3,4). The isolation of pneumo- 
coccal polysaccharide from tissues of human 
beings who had succumbed to diseases other 
than pneumococcal pneumonia suggests that 
retention of this antigen may result in a hy- 
persusceptible state in man. The accumula- 
tion of this polysaccharide in tissues of the 
host over a period of years could conceivably 
result in vulnerability of the host by suppres- 
sion of specific antibody formation. The al- 
teration of the defense mechanism by large 
doses of an antigen was shown by Metchni- 
koff as early as 1883(5) when he noticed the 
inhibition of phagocytosis by high concentra- 
tions of yeast spores. Similar findings have 
been reported by others(6,7). Recently, 
Dixon and Maurer(8) have reported briefly 
on the effects of repeated massive doses of 
antigen in rabbits. 

This study was based on the assumption 
that host response to massive quantities of 
antigen would facilitate interpretation of the 
mechanism of elimination of antigen and of 
antibody formation. This report records the 
effects of excessive “saturation” doses of a 
relatively pure antigen, bovine albumin, on 
the immune response of rabbits. The rate of 
elimination was measured by quantitative 
precipitin determination of the serum bovine 
albumin level. 

Materials and methods. Antigen. A 10% 
solution of bovine albumin, fraction V (Ar- 
mour and Co.), in physiological saline was 
adjusted to pH 7.0. Merthiolate was added 
to a final concentration of 1:10,000, sterility 
achieved by Seitz filtration, and the solution 
kept in storage at 4°C. Appropriate dilutions 
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were used for the various tests. Antiserunt 
was prepared by injecting rabbits intraven- 
ously and/or subcutaneously 4 times a week 
for 4 weeks with 2 mg of the above antigen. 
Ten days after the last injection, blood was 
withdrawn by cardiac puncture and the serum 
separated. Those animals having a high titer 
of anti-bovine albumin were bled again and 
all sera pooled. Complement was removed by 
the addition of optimal concentrations of the 
horse serum and rabbit anti-horse serum sys- 
tem. The serum was merthiolated, sterilized 
and stored as was the antigen. Quantitative 
precipitin determinations. The quantitative 
precipitin technic for determination of either 
antigen or antibody was essentially that of 
Kabat and Mayer(9). Blood was obtained 
from the marginal ear vein or by cardiac 
puncture; the serum was stored at —56°C un- 
til sufficient samples were collected for assay. 
All samples were recentrifuged before testing. 
In order to analyze serum samples for anti- 
gen, a calibration curve was first made on the 
basis of the addition of increasing amounts of 
antigen to a constant amount, 1 ml, of anti- 
serum. Saline was added to a total volume of 
3 ml. The micrograms of bovine albumin 
nitrogen in the unknown antigen samples were 
determined by interpolation on the calibration 
curve after determination of the total nitro- 
gen precipitated by the micro-Kjeldahl tech- 
nic. Each analysis was carried out in dupli- 
cate and tests on all supernatant fluids 
showed that the dilution of serum reacted 
with antibody in the region of antibody ex- 
cess. Appropriate antiserum and antigen 
controls were run throughout and modifica- 
tions for samples of 10-100 pg total nitrogen 
were made. 

Results. I. Rate of elimination of massive 
doses of bovine albumin. Eleven normal New 
Zealand white rabbits of approximately the 
same weight (2.5 kg) were injected intraperi- 
toneally with one gram bovine albumin solu- 
tion per day for 5 days. Although the in- 
dividual blood clearance rates of antigen were 
found to vary following quantitative analyses, 
the response of the rabbits appeared to fall 
into 2 relative groups: (1) 5 rabbits which re- 
tained residual antigen and (2) 6 rabbits 
which appeared to have cleared the antigen 
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FIG. 1. Geometric mean elimination rates of bo- 
vine albumin antigen by New Zealand rabbits. 


completely from the circulation (Fig. 1). 
Four of the rabbits comprising the latter 
group were found to possess anti-albumin 
after antigen had disappeared from the serum 
with only one retaining serum antigen as long 
as 20 days. Of the 5 animals which retained 
the antigen, only 1 showed demonstrable 
serum antibody after antigen elimination. As 
no antibody was detectable in the serum of 
the other 4 up to 108 days after the last in- 
jection, it is reasonable to assume that resid- 
ual but undetectable antigen was still present 
within the host, suppressing antibody forma- 
tion. Six months after the initial injection, 
one of the latter animals responded with spe- 
cific antibody to the subcutaneous injection 
of 20 mg bovine albumin. The rate of elim- 
ination of the antigen for each rabbit oc- 
curred in 3 phases: (1) an initial rapid phase 
probably manifesting early dilution, (2) a 
plateau of early antigen retention for several 
days, and (3) final clearance. The third 
phase varied for each animal and allowed 
segregation into the 2 groups described. 


Statistical analysis of the data supports the 
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grouping of the rabbits studied. By the meth- 
od of components of variance, 91% of the 
source of the variation in the rabbits com- 
prising Group 1 may be attributed to time 
lapsed between analysis, only 3% to inherent 
differences in the individual rabbits, and 6% 
as a result of all other factors. For the curve 
representing those rabbits which have shown 
the ability to rid their blood streams of de- 
tectable antigen, 60% of the variation occurs 
as a result of time, 20% to individual rabbit 
variation, and 20% to all other causes. The 
coefficient of variation, illustrating the per 
cent variation of the members of each group 
on any one day is approximately 15% for the 
curve of the above group in contrast to a 
coefficient of variation value of approximately 
50% for those rabbits showing early antigen 
clearance. The results of the 2 statistical 
methods make it evident that the antigen- 
retaining rabbits are much more homogeneous 
as a group than Group 2. Presumably the 
lack of homogeneity and variable time course 
of elimination in the latter reflects a clearing 
mechanism (which is inherently variable) 
functioning in these animals. 

Il. Effect of various conditions on rate of 
elimination of massive doses of bovine albu- 
min in American Dutch rabbits. From the 
preceding experiment the impression was 
gained that antibody formation might be sup- 
pressed until all antigen had been eliminated 
from an antibody-forming site. Accordingly 
further evidence for this assumption was 
sought in the following three experiments. A. 
Normal animal: A female rabbit was given 
intraperitoneally 1 g bovine albumin daily for 
10 days. On the ninth day, 0.5 mg antigen 
was injected intracutaneously preceding the 
scheduled injection for the purpose of detect- 
ing antibody to the albumin. No evidence of 
an Arthus reaction was observed. Twenty- 
four days following cessation of antigen in- 
jections, a second 5 day series of similar in- 
jections was administered to determine wheth- 
er there was any difference in the rate of dis- 
appearance from the circulation following the 
previous “saturation” dosage and subsequent 
rest. The serum level of antigen was followed 
quantitatively for a period of 11 weeks with 
the results illustrated in Fig. 2. It may be 
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FIG. 2. Rate of elimination of massive doses of 


boyine albumin under varying conditions by a 
normal American Dutch rabbit. 


seen that the initial rate of elimination 
following the second course of injections 
is no greater than that observed follow- 
ing the first series. As the number of days 
increases, a very slow rate of albumin elim- 
ination is seen, with residual antigen quanti- 
tatively detectable in the serum for approxi- 
mately 8 weeks after the last injection. Quali- 
tative analysis before the second series of in- 
jections demonstrated the presence of anti- 
body coexisting with antigen. However, this 
antibody was not believed to be directed 
towards bovine albumin. Previous work in 
this laboratory(10) has shown crystalline bo- 
vine albumin to be heterogeneous immuno- 
logically. Furthermore, Cohn and associates 
(12) in their work with rabbits immunized 
with purified conalbumin found more anti- 
body produced against a minor component 
present in the preparation than against the 
conalbumin itself. Accordingly, a qualitative 
test for precipitins to a trace of bovine globu- 
lin believed to be present in the antigen used 
in this investigation, was carried out on sev- 
eral of the serum samples showing simul- 
taneous occurrence of antigen and antibody. 
Using bovine globulin as antigen, a precipi- 
tate resulted in each instance, while controls 
were negative. This would indicate that the 
antibody demonstrated in the apparent pres- 
ence of antigen was in reality formed to a 
globulin impurity and not the bovine albumin 
WEL SE 

When neither antigen nor antibody could 
be demonstrated in the serum for a period of 
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16 days, the rabbit was sacrificed. Post mor- 
tem findings were negative. The absence of 
any enlargement or abnormality in the lymph 
nodes was of interest. Microscopic examina- 
tion of sections of the liver and kidney showed 
no pathological changes. 


B. Immunized rabbit. The following ex- 
periment was undertaken to observe the ef- 
fect of antibody to bovine albumin on the 
rate of elimination of massive doses of the 
homologous antigen. After a titer of 0.25 
mg antibovine albumin nitrogen per ml had 
been developed in a male rabbit, 0.63 g bo- 
vine albumin was given intraperitoneally in 
small amounts during an 8 hour period. This 
was followed with a total of 6 grams given 
over a period of 7 days. Serum samples ob- 
tained at intervals were analyzed for bovine 
albumin. The results illustrated in Fig. 3 
show that the retention of residual antigen in 
the serum (phase 3) did not occur since the 
antigen concentration rapidly falls off to zero. 
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FIG. 3. Rate of bovine albumin elimination by an 
immunized American Dutch rabbit. 


ANTIGEN RETENTION AND ANTIBODY RESPONSE 


Antibody 
serum. 

C. Refractory rabbit. In this experiment 
the rate of elimination of large doses of bovine 
albumin was studied in a rabbit previously 
showing a poor antibody response to immu- 
nizing injections of this antigen. A male rab- 
bit that had previously produced only a trace 
of precipitins when subjected to the im- 
munization schedule described, was used. 
Three “booster” doses of 5 mg bovine albu- 
min given intravenously and spaced at inter- 
vals of 12, 50 and 40 days from the previous 
injection failed to produce precipitins. Seven 
weeks following the last of these injections, 
this rabbit received a total of 6.6 g¢ bovine al- 
bumin intraperitoneally over a period of 8 
days. On the forty-fourth day after the last 
injection, when the bovine albumin had 
reached a concentration of 0.02 mg per ml, 
an attempt was made to neutralize com- 
pletely, by passively transferred antibody, all 
tissue and serum antigen within the animal, 
thereby permitting the detection of ‘‘free” 
uncombined antibody. Accordingly, 37 ml 
of antibovine albumin rabbit serum of high 
titer was slowly injected; an additional 50 ml 
was given on the 52nd day. Twenty days 
later when no antigen was demonstrable in 
the serum, an additional 20 ml of antiserum 
was administered. Antibody was then demon- 
strable over a period of 19 days with no 
bovine albumin detectable in the serum. Since 
quantitative analvsis revealed that the anti- 
body level did not rise but decreased steadily, 
this response can probably be attributed to 
the antibody which was passively transferred. 

To determine now the mode of elimination 
of antigen by this animal, an exactly similar 
series of injections was repeated. Fig. 4 com- 
pares the elimination rates under the two 
conditions, and shows their parallelism. On 
the 98th day following the last injection of the 
second series, a skin test for detection of anti- 
body elicited no response. At no_ time 
throughout the course of the experiment was 
antibody detectable in the presence of anti- 
gen. 

Discussion. The oft-noted variability of 
individual host response to antigenic stimulus 
is substantiated by the data. Those rabbits 
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HIG. 4. Rate of elimination of bovine albumin by 
a refractory American Dutch rabbit. 


which possess a mechanism capable of elim- 
inating antigen relatively quickly have shown 
the ability to respond with antibody. How- 
ever, it is interesting to note the apparent in- 
ability of antibody to bovine albumin to ap- 
pear in a relatively high percentage of rab- 
bits for a considerable length of time after all 
detectable antigen has been removed. An ex- 
planation for this may lie in the assumption 
that high antigen concentrations completely 
saturate all antibody-forming sites in the tis- 
sues and organs, resulting in an inability to 
synthesize antibody. These findings cor- 
roborate those reported by Felton(3) who 
suppressed immune mechanisms in mice with 
large doses of polysaccharide. The possibility 
exists that antibody is being synthesized but 
is immediately held in combination with the 
antigen. Three points in the experimental 
data presented here suggest that this does not 
occur. First, if antibody had been synthe- 
sized and was acting as a functional unit in 
ridding the antigen from these animals, it 
would be expected that the retention of anti- 
gen shown would not exist. As the concentra- 
tion of antigen diminishes, more antibody 
should become available to neutralize the re- 
maining antigen. The final retention portion 
of the curves should then drop at a rate much 
faster than that actually shown in phase 3. 
This is verified by the curve showing the 
clearance rate of massive doses of bovine al- 
bumin by an animal with circulating precipi- 
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tins. One would also expect a faster rate of 
antigen removal after secondary exposure. 
This did not occur in Experiment ITA or IIC. 
Finally, the negative findings for any lesions 
suggesting the hypersensitive state may sig- 
nify the absence of tissue-held antibody. 
Lesions attributable to the hypersensitiveness 
of rabbits to bovine albumin have been 
described(11,13). 

The results obtained in the initial experi- 
ment confirm the substantial data of Talmage 
et al. in showing that the rate of elimination 
of antigen is an indicator of the degree of im- 
mune response. However, the rapid clear- 
ance of bovine gamma globulin from rabbit 
blood found by these investigators is attrib- 
uted by them to antibody. While it is un- 
questionable that antibody, when present, 
markedly accelerates antigen removal, the for- 
mation in the presence of antigen of an im- 
mune response synonymous with antibody is 
difficult to reconcile with the evidence pre- 
sented here. With the technic of massive 
doses of antigen, bovine albumin elimination 
curves show retention over a prolonged period 
of time when antibody, if synthesized, should 
be present in sufficient quantity to remove all 
residual antigen rapidly. In the authors’ ex- 
perience it has been the rare animal that does 
not respond with antibody to bovine albumin. 
It is possible, therefore, that the antigen re- 
tention shown in this study is not the result 
of lack of ability to form antibody, but rather 
that “poor antibody formers” as such, are a 
result of inability to rid antigen from the tis- 
sues. 

The coexistence of antigen and antibody 
after intravenous injection of serum has been 
demonstrated repeatedly (13,14). It is possible 
that this phenomenon may be attributed to 
the faster rate of clearance of those antigenic 
components present in minute amounts. Anti- 
bodies to these would then be detectable, 
while the main component was still present at 
the antibody-forming site suppressing the re- 
action forming its antibody. 

The mechanisms involved in serum sickness 
and the late sequelae associated with strepto- 
coccal infections may depend on the rate of 
elimination of antigen by the various organs 
of the host. Ancillary evidence for this hy- 
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pothesis may be found in a study by Kendall 
(15) of two patients receiving 25 g of crys- 
talline bovine albumin, one of whom devel- 
oped serum sickness. Quantitative study of 
the rate of elimination of this antigen from 
the circulation of one patient showed antigen 
remaining detectable for as long as 140 days. 
With the retention of antigen and apparent 
absence of antibody, serum sickness did not 
develop. In contrast, the other exhibited a 
much faster antigenic clearance rate, termin- 
ating after 30 days with subsequent serum 
sickness. A hypothetical mechanism func- 
tioning might involve antigen being retained 
in the heart while it has been eliminated in 
the spleen. Antibodies are then formed in the 
splenic tissue, carried by the circulation to the 
heart wherein the antigen is attached to the 
cells, with the interaction resulting in the 
characteristic lesions and reactions. 


Summary. Antigen elimination rates for 
massive doses of bovine albumin from the cir- 
culation of rabbits were resolved into two 
relative groups: (a) those eliminating the 
antigen rapidly, and (b) those retaining resid- 
ual antigen for an extended period. All anti- 
body-forming sites were assumed to be sat- 
urated with this antigen, and in the latter 
group antibody formation was suppressed. 
Data are presented suggesting that the break- 
down and/or removal of an antigen from an 
antibody-forming site may be a necessary 
prerequisite to antibody formation. The 
rates of elimination of antigen from the vari- 
ous organs of the host are discussed in rela- 
tion to postulated mechanisms concerned with 
serum sickness and the late sequelae of strep- 
tococcal infections. 
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Bishop, Zimdahl, and Talbott(1) have re- 
ported low serum urate levels in a brother 
and sister with Wilson’s disease. Using N™® 
labeled uric acid these authors demonstrated 
that the uric acid pool in their patients was 
reduced and that the turnover rate of uric 
acid was about twice normal. In one of the 
patients 98% of the uric acid turned over was 
excreted by way of the kidney. To explain 
these abnormalities they suggested that there 
is in Wilson’s disease a renal defect which re- 
sults in inhibition of tubular reabsorption of 
filtered uric acid. The tendency of copper 
to form stable complexes with nitrogen-con- 
taining compounds such as amino acids is well 
known(2). The precipitation of copper- 
purine complexes has been described as a 
method for isolating purine compounds, in- 
cluding uric acid(3). Since the concentrations 
of direct-reacting serum copper in patients 
with Wilson’s disease are abnormally high and 
since large amounts of copper are excreted in 
the urine(4), we considered the possibility 
that the abnormalities of uric acid metabolism 
in this disease might be the result of the 
formation of a uric acid-copper complex which 
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cannot be reabsorbed by the normal kidney 
tubule. 

The purpose of this paper is to present the 
results of studies on the serum uric acid level 
and the urinary excretion of uric acid in pa- 
tients with Wilson’s disease. In addition, the 
validity of the above two theories has been 
tested by comparing the ability of patients 
and normal subjects to excrete injected uric 
acid and by correlating the excretion of uric 
acid and copper by normal subjects and pa- 
tients with Wilson’s disease. 


Methods. Uric acid was measured by the 
differential spectrophotometric method of 
Kalckar(5) as modified by Praetorius(6). 
Uricase was prepared by the method of Mul- 
ler and Bauer(7). The methods for the de- 
termination of total plasma copper(8), the 
direct-reacting fraction of plasma copper(9), 
and urine copper(10) have been described. 
Creatinine was determined by the method of 
Bonsnes and Taussky(11). For intravenous 
infusion, a solution of uric acid was prepared 
by dissolving the appropriate amount in 0.8% 


TABLE I. Serum Urie Acid Values (mg/100 ml) 
in Normal Subjects and in Patients with Wilson’s 


Disease. 
Group No. Mean Range 
Normal @4 12 6.0 4.5-8.3 
Q ial 4.7 3.4-6.9 
Wilson’s ¢ 11 1.8 8-4,2 
disease @ 5 1.8 .8-2.9 
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TABLE II. Urine Uric Acid, Creatinine and Urie 
Acid/Creatinine Ratio in 5 Patients with Wilson’s 


Disease. 
Urie acid/ 
30dy Urie acid Creatinine, creatinine 
wt, lb mg/24hr mg/24hr ratio 
Normal 276-460 1000-1800 22-.43 
range 
Del. H. 70 620 758 82 
Moise 100 462 856 54 
IDOE 165 542 1024 0 
Davy. H. 65 385 429 90) 
1835 Se 165 743 1310 Do 
Mean 33 550 874 XO/f 


aqueous lithium carbonate. This was passed 
through a Seitz filter, transferred to an in- 
fusion bottle and diluted to 500 ml with a 5% 
glucose solution. Purity of the uric acid used 
was checked by the determination of both the 
nitrogen content and the extinction coefficient 
in the ultra-violet range after the addition of 
uricase(6). Adi the patients with Wilson’s 
disease, in addition to other evidences of the 
disease, had Kayser-Fleischer corneal rings. 
The total serum copper level of 12 of the 16 
patients was less than 68 pg/100 ml. The 
serum copper levels of the other 4 patients 
were 72, 77, 90 and 100 »g/100 ml, respec- 
tively. The daily urinary excretion of copper 
was between 100 and 500 yg in all 10 of the 
patients on whom this determination was per- 
formed. The abnormalities in copper metab- 
olism in this group of patients will be de- 
scribed more fully in a separate publication 
(12) 

Results. The mean and range of values for 
serum uric acid in 23 normal subjects and in 
the 16 patients with Wilson’s disease are 
given in Table I. 

Concentration of uric acid in the serum of 
each patient with Wilson’s disease was less 
than the lower limit of normal for the sex. 
In only one of the 16 patients was the value 
greater than 2.9 mg/100 ml. This patient 
(A.S.) is asymptomatic and has no neurologic 
manifestations(12). 

The excretion of uric acid in the urine of 5 
of the patients is recorded in Table II. Be- 
cause of the marked differences in body 
weight the values are compared with the 
amount of creatinine excreted. It will be 
noted that all of the patients excreted in- 
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creased amounts of uric acid per mg of cre- 
atinine excreted. 

To explore the possible causes of these ab- 
normalities of uric acid metabolism, the fol- 
lowing experiment was carried out in a pa- 
tient and in a normal subject of each sex. 

During a baseline control period of 3 days, 
serum uric acid was measured twice daily and 
the urinary excretion of uric acid was deter- 
mined over 12 hour periods. Following this 
baseline period, uric acid was infused intra- 
venously during a period of 70 minutes. Each 
of the 2 normal subjects received one gram of 
uric acid. The 2 patients with Wilson’s dis- 
ease were each given 0.8 g. Serum levels of 
uric acid and copper were determined im- 
mediately before and at the termination of 
the infusion and, thereafter, at 4 hour inter- 
vals until baseline levels were reestablished. 
The renal excretion of uric acid and copper 
was determined over 4 _ hour periods. 
Throughout the experiment all subjects were 
maintained on diets low in purines. 

The results of this study are presented in 
Table III and Fig. 1 and 2. As shown in 
Table III the hyperuricemia and hyperuri- 
cosuria induced by the infusion of uric acid 
were not accompanied by an increase in the 
serum copper level or by an increase in the 
amount of copper excreted in the urine. The 
coefficient of correlation between the urinary 
copper and uric acid in the two patients was 
+ 0.25. 


The rate of decline of the serum uric acid 


TABLE III. Serum and Urine Urie Acid and 
Copper Values before and after the Intravenous 
Infusion of Urie Acid. 


Normal Wilson’s 
subjects disease 
J. Ms M. O. Je SDA 
Serum uri¢ Before a2 yt) 1.0 ave 
acid,mg/” Atter) © 1122 oul 7.5 5.4 
100 ml 
Serum cop- Before 105 86 39 45 
per, ug/ After* 100 90 BO 30 
100 ml 
Urine uri¢ Before 445 430 462 542 
acid mg/ After 892 906 12267 252 
24 hr 
Urine, cop- Before 14 6 354 264 
per, u2/ After 7 0 291 148 
24 hr 


* At time of termination of infusion. 
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Wilsons 
Disease 


Zacrement of Serum Uric Acid Above Mean Base Line Level 


a 2 24 36 48 60 Th 
Ffours Affer Infusion 


FIG. 1. Increment of serum urie acid above mean 

baseline level in 2 normal subjects and in 2. pa- 

tients with Wilson’s disease after intravenous ad- 
ministration of uric acid. 


level following the intravenous infusion of 
uric acid is depicted in Fig. 1. The serum 
uric acid concentration of the patients re- 
turned to the pre-infusion levels in 24 hours, 
whereas, in the normal subjects, more than 
72 hours were required. 

The cumulative excretion of the uric acid 
in the urine above the mean base-line value 
is shown in Fig. 2. The patients with Wil- 
son’s disease excreted 90% of the injected 
dose during the first 24 hours. The normal 
subjects excreted only about 45% of the in- 
jected dose in this period. 

Discussion. The studies reported herein 
demonstrate that in patients with Wilson’s 
disease there are several alterations in the 
metabolism of uric acid; namely, (1) a low 
level of uric acid in the serum, (2) an in- 
creased excretion of uric acid in the urine, and 
(3) following the intravenous injection of a 
large amount of uric acid, a more rapid ex- 
cretion of uric acid in the urine than occurs 
in normal subjects. Since it has been shown 
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(13) that in normal subjects about 90% of 
the uric acid filtered through the glomeruli is 
reabsorbed by the tubules and that the glo- 
merular filtration rate is either normal or de- 
creased in Wilson’s disease(14), the altera- 
tions in uric acid metabolism can be most 
easily explained on the basis of a decreased 
tubular reabsorption rate of uric acid in such 
patients. 

These results are in agreement with those 
of Bishop, Zimdahl, and Talbott(1). 

The aminoaciduria which occurs in Wil- 
son’s disease has been interpreted as evidence 
for a renal defect in this disease(15,16). 
Likewise, glycosuria with a normal serum glu- 
cose level has been observed in some patients 
who have this disease(17). The observations 
on uric acid offer additional evidence of a 
renal defect in Wilson’s disease. 

It is interesting that hypouricemia was 
present in all of the 16 patients studied. Two 
of the patients with low levels of serum uric 
acid (2.4 and 2.8 mg/100 ml) have not mani- 
fested neurologic abnormalities and do not 
excrete increased amounts of aminoacids in 
the urine. In a third patient’ without neu- 
rologic disease and without significant symp- 
tomatology the serum uric acid level (4.2 mg/ 
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4 8 12 6 2a RA 
Htours After Infusron 
FIG. 2. Urinary exeretion of urie acid following 
intravenous administration of uric acid to 2 nor- 
mal subjects (M.O., J.M.) and to 2 patients (J.S., 
D.C.) with Wilson’s disease. 

Values are expressed as the cumulative per cent of 
injected dose exereted above the mean baseline 
values. 


§ We are indebted to Dr. J. G. Palmer, University 
of N. Carolina, for supplying serum from this patient. 
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100 ml) was only slightly below the lower 
limit of normal. Unfortunately, the quantity 
of alpha amino nitrogen in the urine of this 
patient was not determined. These observa- 
tions suggest that the alterations in uric acid 
metabolism occur early in the course of the 
disease. 

Since no increase in serum copper or in the 
amount of copper excreted in the urine ac- 
companied the increase in uric acid in the 
serum and urine following the administration 
of a large dose of uric acid, it is improbable 
that chelation of copper with uric acid occurs 
in such patients to any appreciable degree. 


Summary. It has been found that in pa- 
tients with hepatolenticular degeneration 
(Wilson’s disease) the level of uric acid in 
the serum is reduced and the amount of uric 
acid excreted in the urine is increased. Fol- 
lowing the intravenous administration of uric 
acid, such patients excrete uric acid in the 
urine more rapidly than do normal subjects. 
No correlation was observed between the ex- 
cretion of copper and that of uric acid. It 
is suggested that the alterations in uric acid 
metabolism are due to an inability of the 
renal tubules to reabsorb uric acid efficiently. 
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There have been continual observations 
made on influenza and other acute respiratory 
diseases in recruits at this Naval Station since 
1948. During epidemic influenza outbreaks 


of 1949, 1950, and 1951, A prime viruses were 
isolated(1). An epidemic of influenza B and 
C was reported in Navy recruits during the 
winter of 1952 by this laboratory(2). At this 


*From Research Project, NM 005 051.06, Bureau 
of Medicine and Surgery, Navy Department, Wash- 
ington, D.C. The views and opinions expressed 
herein are those of the authors and cannot be con- 
strued as reflecting the views of the Navy Department 


or of the naval service at large. This was also part 
of continuing studies on influenza made in coopera- 
tion with The Commission on Influenza, Armed 
Forces Epidemiological Board, and the Influenza 
Information Center, World Health Organization. 
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time 14 influenza C and 11 influenza B viruses 
were isolated. During an epidemic of influ- 
enza A prime in 1953 however, no influenza 
B or C virus isolations or serological rises 
were obtained(3). During the past winter 
only one serological rise to influenza A prime 
was found, whereas influenza B and C were 
prevalent as indicated by the following 
studies. The present report contains studies 
on 37 strains of influenza virus, type B, which 
were isolated between March 12 and April 16, 
1954(4). 

Materials and methods. Nasal washings 
were routinely obtained from recruits with 
febrile acute respiratory infections as they 
reported at the regimental infirmary between 
Dec. 1, 1953 and April 17, 1954. Nasal wash- 
ings were also obtained from men_ seeking 
treatment for acute respiratory infections 
without fever, and for complaints other than 
respiratory infections between Jan. 25 and 
Apr. 17, 1954. Blood specimens were obtained 
at the time of nasal washing and again 3 
weeks later. The sera were frozen and stored 
at —24°C until used. The nose was washed 
with 20 ml of nutrient broth which was ex- 
pectorated into a beaker containing 2 ml of 
horse serum. The washings were homogenized 
for 2 minutes in a Waring blender and then 
inoculated intra-amniotically into 13-day-old 
embryonated eggs. Prior to inoculation, 1000 
units of penicillin and 1 mg of streptomycin 
were added per ml of homogenized nasal wash- 
ing. After incubation for 3 to 4 days at 35°C 
the amniotic fluid was harvested and tested 
with 0.5% suspension of chicken and guinea 
pig erythrocytes. Tests were read after 60 
minutes at 4°C. At least 2 egg passages were 
made before a specimen was called negative. 
Salk’s(5) modification of the Hirst hemag- 
glutination-inhibition test was employed in 
virus identification employing 4 hemagglutin- 
ating units of virus and rooster immune sera. 
Chicken sera were produced by injecting 
roosters with freshly-harvested allantoic fluid 
of each strain. The neutralization test con- 
sisted of equal amounts of virus containing 
300 EIDs and serial dilutions of the serum. 
The mixture was incubated at 4°C for 4 hours 
and inoculated allantoically into 11-day-old 
embryonated eggs. The eggs were harvested 
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after 2 days incubation at 35°C and tested 
with a 1% suspension of chicken red blood 
cells. The 50% end points were calculated by 
the method of Reed and Muench(6). The — 
hemagglutination-inhibition method of Salk 
(5) and modified Kolmer(7) complement- 
fixation test were used for antibody titrations 
on patients’ acute and convalescent sera. To 
determine optimal amounts of complement 
and virus antigen, to use in the complement- 
fixation test, varying quantities of each con- 
stituent were titrated together overnight in 
the presence of immune serum employing op- 
timal proportions method of Friedewald(8). 
All complement-fixation tests were incubated 
overnight at 4°C before adding hemolysin 
and sheep erythrocytes. To remove the non- 
specific inhibitor before performing hemag- 
glutination-inhibition tests, the serum was 
treated with receptor destroying enzyme 
(RDE) from Vibrio cholerae, employing the 
method of Tyrrell, et al.(9). Infected allan- 
toic fluids were used as antigens in neutraliza- 
tion, hemagglutination-inhibition and comple- 
ment-fixation tests. 

Results. Clinical Observations. Thirty- 
two of the 37 men from whom influenza vi- 
ruses, type B, were isolated had acute, febrile 
respiratory infections of 96 hours or less dur- 
ation at admission. Four had acute respira- 
tory infections, but temperatures less than 
100°F. One man reported to infirmary for 
other reasons and was afebrile (98.6°F) with 
no respiratory complaints. Four men had 
throat cultures positive for hemolytic strepto- 
cocci, 2 were type Al9, 1 group G and 1 not 
typable. The total leukocyte counts ranged 
from 4,850 to 17,650. Oral temperature at 
time of nasal washing ranged from 98.6°F to 
103.4°F. Twenty men were admitted to the 
dispensary, 10 of these were afebrile after one 
hospital day and all were afebrile by fifth 
day. Major symptoms of 36 men with respira- 
tory complaints were malaise, cough, coryza, 
sore throat and headache. The signs were 
not distinctive. Only 8 cases were diagnosed 
as having influenza. 

Virus isolations: Although there were scat- 
tered serological rises to influenza virus, type 
B, up to the middle of March, the first isola- 
tion occurred in the week Mar. 7-13. (Table 
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TABLE I. Virus Isolations and Serological Response. 


4-fold or greater antibody rises 


No. nasal Virus isolations No. pairs GL1148- GL1760- GL1167- 
Date washings A B sera 538A’ 54B 54C 
Dee. 11 0 0 2 12 0 0 il 
Jan, 74 0 0 df rie) 1 1 8 
Feb. 226 0 0 8 213 0 14 14 
Mar. 1- 6 45 0 0 it 45 0 2 2 
7-13 44 0 1 1 44 0 5) 4 
14-20 52 0 0 0 52 0 8 4 
21-27 86 0 4 2 85 0 21 8 
Mar. 28-Apr. 3 86 0 8 2 86 0 22 6 
Apr. 4-10 114 0 16 6 lil 0 30 10 
IIEAL?/ 63 0 8 2 0 13 2 
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I). Isolations increased during April and in 
the last week of the study 8 of the 63 nasal 
washings yielded influenza viruses, type B. 
Undoubtedly, had nasal washings been col- 
lected and analyzed for viruses during the 
last part of April, additional strains of influ- 
enza B viruses would have been isolated. In 
contrast to influenza B, influenza virus type 
C isolations were obtained throughout the 
entire period of observation. 

Serological observations: Only one pair of 
sera, obtained in January, demonstrated a 
significant rise to influenza A prime. Sero- 
logical rises occurred to influenza B antigen 
in January and continued through April with 
highest percentage the last of March and first 
part of April, which coincided with the period 
of greatest number of virus isolations. Sero- 
logical rises as well as virus isolations of in- 
fluenza C occurred throughout the period of 
observation. The serological characteristics 
of the 37 strains of influenza viruses, type B, 
were cross-tested with rooster sera vaccinated 
with A (PR8), A’ (FM1), 54C (1167), and 
several strains of B viruses. There was no 
antigenic relationship to the A prime, A, or 
1167-54C antisera. As seen in Table II, the 
37 patients apparently had sufficient illness to 
provoke antibody rises as evident in homolo- 
gous serum titers. These strains showed sig- 
nificantly less antibody rise to Lee antisera 
than to the 1950 and 1952 B antisera. Strain 
GL 1760-54B was selected as the prototype 
strain because it was antigenically similar to 
the other B viruses isolated during this period. 

Table IIT shows the results of hemagglutin- 
ation-inhibition tests employing the patients’ 
sera against various prototype B antigens. 


Using the Lee B antigen, only one significant 
rise was obtained, whereas 29, 22, and 30 sig- 
nificant antibody rises were obtained respec- 
tively when 5OB, 52B and 54B antigens were 
employed. Thus, the results using the paired 
sera and prototype antigens prepared from re- 
cent isolates, gave similar results to those ob- 
tained when the prototype antisera and the 
different isolated strains were employed as 
antigens (Table II). The paired sera from 
case No. 1756 also showed a significant 
hemagglutination-inhibition rise to the 54C 
antigen. There were no significant rises to 
the 53A prime virus. 

With the complement-fixation test, no anti- 
body rises were obtained with the 1940 Lee 
B, 50B and 52B antigens. On the other hand 
as seen in Table III with the 54B prototype 
antigen 34 of the 36 paired sera available 
showed significant antibody rises. The paired 
sera from case No. 1756 also showed a sig- 
nificant complement-fixation rise to prototype 
54C antigen. None of the other sera showed 
a rise to this antigen or to the 1953 A prime 
antigen. 

Employing sera from an individual im- 
munized with a monovalent Lee vaccine, 
neutralization tests were performed with the 
Lee B, 52B, and 54B strains as antigens. The 
highest titer was obtained with the Lee anti- 
gen (5420). Correspondingly, lower titers 
were obtained with the 52B (512), and 54B 
(176).) Employing the hemagglutination- 
inhibition test with these antigens and cor- 
responding sera, similar titers were obtained. 

Discussion. A large proportion of the 37 
cases from whom B viruses were isolated had 
an acute febrile respiratory illness. However, 
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TABLE II. Hemagglutination-Inhibition Titrations of Vaccinated Rooster Sera and Patients’ 
Acute and Convalescent Sera for 37 Strains of Influenza Virus, Type B. Titers are expressed 
as reciprocal of the final dilution. 
es—s=oeoenwqyo*oq“*$“~@maOqofloeowsS$S@=<~omwW@W0OoaODeS SS 
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-——— Hemagglutination-inhibition titer of virus to: ———, 


Nasal wash- GL strain 


Vaccinated rooster sera 


Patients’ homologous 
sera 


ings collected No. Lee 40B 121050B 70452B Acute Convalescent 
Mar. 12 GL 1565 32 256 256 <32 1024 
22 1641 <32 256 256 <32 1024 
1645 32 128 256 <32 256 
25 1671 <32 64 128 32 64 
27 1701 <32 256 256 <32 1024 
31 1737 <32 256 256 es 
1739 128 512 512 <32 512 
1741 64 256 256 <32 512 
1745 64. 256 256 <32 512 
1746 64 256 512 <32 1024 
Aras 1756 32 64 128 128 512 
1760 <32 256 256 64 256 
UPA <32 256 256 64 512 
5 1803 64 512 512 128 128 
1805 64 512 512 <32 512 
1811 64 256 512 128 1024 
1814 32 256 256 32 128 
1815 32 128 256 <32 2048 
1819 32 128 256 <32 128 
1823 32 128 128 <32 1024 
6 1840 64 256 512 32 512 
1845 128 512 512 128 256 
8 1865 64 512 512 32 64 
1875 64 512 1024 32 64 
1876 32 128 256 32 64 
1878 32 256 256 <32 2048 
9 1885 64 256 256 64 256 
1899 64 512 512 256 1024 
10 1912 64 128 128 32 1024 
12 1919 64 256 256 64 256 
1923 <32 128 256 64 64 
1924 64. 256 256 64 512 
13 1932 128 256 256 <32 256 
1938 64 256 256 64 256 
1939 32 128 256 <32 512 
1946 32 128 128 32 128 
14 1954 32 128 128 32 128 
Homologous serum titers: 512 1024 1024 
* No blood. 


only eight were diagnosed as having clinical 
influenza. The problem of clinically diagnos- 
ing epidemic influenza in relation to other 
acute respiratory illnesses in recruits has been 
recently reviewed(1). 

All 1954 influenza B viruses were closely 
related as indicated by serological procedures 
employed. Of special interest was the ab- 
sence of complement-fixing antibodies to the 
1940 Lee B, 50B and 52B strains in the pa- 
tients’ sera. Jensen and Francis(10) have 
also noted that the complement-fixation test 


is capable of demonstrating strain specificity. 
In our study the complement-fixation test 
could not be used to elicit the minor antigenic 
relationships between these 4 strains of in- 
fluenza B viruses isolated in different years. 
However, the results of hemagglutination-in- 
hibition tests clearly demonstrate the minor 
antigenic relationship between the above men- 
tioned B viruses and therefore would appear 
to be a preferable technic for conducting anti- 
genic studies. 

Inhibition of agglutination with the Lee 
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i i ibiti -Fixati Titrations of 
TABLE III. Hemagglutination-Inhibition and Complement Fixation (C.F.) 
Patients’ Acute her Convalescent Sera from Whom Influenza B Viruses Were Isolated. 
ee  —  —  —— — —aeeeeaees=Sae—e—eoeoeueoeoq<~<qo®osoqoq>qo>sa mm 


a Pema olutin ation= iminium tC OR S60 ge ee C.F. titers to: 

Case Lee 40B 1210-50B 704-52B 1760-54B 1760-54B 
No.t Aeute Cony. Acute Conv. Acute Conv. Acute Cony. Acute Cony. 
epee ee ee 32-128 32 512 <32 1024 ) +32 
1641 a é ‘ 512 64 32 oe 64 
1645 64 64 / 256 32 256 <32 256 32 
1671 <32 <32 gs 64 (3 64 2 64 16 
1701 4s ; <9 512 < 32 512 “4 1024 32 
1737 No sera available 
173 ey 64 Sy 128 < 32 64 32 256 8 
1741 2 32 <i8e 512 32 ole # 1024 32 
1745 32 128 32 256 <32 128 <32 256 16 
1746 <i32 < 32 <32 ? ue 512 4 512 32 
1756 ye 128 512 32 2 64 s 128 
1760 2 32 32 64 : 64 32 Ae 64 

Hes a 382. 1024 as 1024 ‘ 204 si 
iste fh 32 iy 64 M4 32 128 128 <4 
1805 64. 64. <32 128 aoe 256 <32 1024 32 
1811 32 32 32 256 ay) 512 128 2 oy 
1814 64 64 32 128 ; 128 32 128 a 
1815 <3 < 32 64 256 <3 512 <32 2048 128 
1819 32 32 < 382 128 <i32 128 # 128 Seen: >32 
1823 < 32 ‘ 32 256 32 512 aj 1024 Bot 
1840 32 64 7 512 m ss i 512 8 
1845 ZB 32 ag 128 "2 128 64 256 32 
1865 cm o ae 64 Ms 64 32 64 16 
1875 ms 32 i a yy ba ea zt 32 
1876 32 a ee op <A32 ; <i32 es | ng 
1878 s: < 32 <32 512 za 52 “ 2048 16 
1885 64 128 32, 128 32 64 32 128 ots 
1899 32 BW R38 4 ZEB 2” 128 1024 32 
1912 os Ke 256 Re nah 32 i >32 
1919 ie ay 32 128 64 128 64 512 8 
1923 32 64 CES VAS eet oon oe te 64 <4 
1924 ee 32 gi 256 iy 64 32 512 16 
1932 <<3e <Ag7, 32 ay 32 256 KA 256 He 
1938 128 128 64. a 25 = 64 a 8 
1939 <32) <32 32 : <p BY 512 ay 
1946 £ 32 ae 128 fe 64 Bye 128 8 
1954 32 22 <32 22 22 ip a 2 J 22 

Homologous serum titer 32 


* Reciprocal of final serum dilution. 


rooster immune serum to the thirty-seven 54B 
viruses was significantly lower than to either 
the 50B (VASOB), or the 52B strains. Like- 
wise, employing acute and convalescent sera 
and the prototype viruses similar findings 
were obtained. These data show that the 
1954 strains of influenza B are antigenically 
closer to 1950 and 1952 influenza B viruses 
than to Lee B strain isolated in 1940. It is 
also evident that employing only the Lee 
rooster antisera for typing, the newly isolated 
strains would not have been identified.t These 
observations are also borne out by the neu- 
tralization test using Lee B immune sera and 
these same virus antigens. 

Since 1940 the influenza B viruses have 


t+ Case numbers and strain numbers are identical. 


been antigenically shifting away from the par- 
ent strain (Lee B), and the shift appears to 
be more pronounced with each epidemic, just 
as has been shown in the case of influenza A 
viruses(11-13). Because more recently iso- 
lated strains are becoming more and more un- 
related immunologically to the earlier B vi- 
ruses, a question has been raised by others, 
as well as by our findings, as to how much 
protection can be expected from a vaccine 


t Representative strains and paired sera were sent 
to Dr. Kieth E. Jensen, Department of Epidemiology, 
School of Public Health, University of Michigan, Ann 
Arbor, who on the basis of the hemagglutination- 
inhibition and absorption tests, confirmed these ob- 
servations. 
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containing only the Lee strain of influenza B 
during future epidemics due to influenza B 
viruses(14-15). Furthermore, from our data 
it would appear that influenza Lee B strain 
is now so distantly related to recently isolated 
B strains that it is of little value as a diag- 
nostic antigen. Therefore, as recommended 
by others, both diagnostic antigens and anti- 
sera should be prepared employing strains iso- 
lated during the most recent epidemics(16- 
18). 


Summary. An epidemic of influenza B oc- 
curred in the recruit population at U.S. Naval 
Training Center, Great Lakes, IIll., during the 
Spring of 1954. Data were presented on the 
37 strains isolated from individuals who were 
ill with an acute respiratory disease. The re- 
cently isolated influenza type B viruses are 
antigenically different from the 1940 Lee B. 
The complement-fixation test was of value 
only when antigens employed were prepared 
from the current epidemic strain of influ- 
enza B. 


We wish to thank William M. Bain, John L. Lang- 
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Epidemic Influenza B and C in Navy Recruits, 1953-1954. I. Antigenic 


Studies on Influenza Virus, Type C.* 


(21610) 


J. L. DEMet0, R. L. Woorripce, J. E. WHITEsIDE, AND J. R. SEAL. 
(Introduced by Clayton G. Loosli.) 


Of the Naval Medical Research Unit No. 4, U. S. Naval Training Center, Great Lakes, Til. 


An epidemic of influenza B and C was re- 
ported in Navy recruits during the Winter of 
1952 by this laboratory(1-3). During the 
Spring of 1954 thirty-seven influenza viruses, 
type B were isolated from an outbreak in the 
recruit population(4). Influenza virus type 
C was present before and during this epi- 
demic. 


This report contains studies on 31 strains 
of influenza virus type C isolated between the 
16th of December 1953 and the 16th of April 
1954 in the recruit population at this Naval 
Training Center. 


Materials and methods. The methods for 
obtaining and processing nasal washings and 
paired sera from Navy recruits, as well as the 
serological methods used for virus identifica- 
tion, strain studies, and antibody titrations, 
are reported in the preceding paper(4). In- 
fluenza C antigen was prepared by inoculat- 
ing 13-day-old embryonated eggs intra-amni- 
otically and harvesting the allantoic and am- 
niotic fluid after 4 days’ incubation at 
35°C. Infected eggs yielded amniotic fluid 
with titers of 2048 and allantoic fluid 
with titers of 256. The harvested fluids 
could not be stored at 4°C unless they were 
used promptly. It was found advisable to 
store all influenza C viruses at —70°C and 
thawing out only the amount of fluid neces- 
sary for immediate use. All influenza C vi- 
ruses isolated in this study agglutinated chick 
cells but not guinea pig erythrocytes. 


Results. Clinical Observations: During 


*From Research Project, NM 005 051.06, Bureau 
of Medicine and Surgery, Navy Department, Wash- 
ington, D.C. Views and opinions expressed herein 
are those of the authors and cannot be construed as 
reflecting the views of the Navy Department or of 
the naval service at large. This was also part of 
continuing studies on influenza made in cooperation 
with the Commission on Influenza, Armed Forces 
Epidemiological Board, and the Influenza Informa- 
tion Center, World Health Organization. 


the period of study influenza C viruses were 
isolated from twenty-seven nasal washings 
from recruits with a variety of respiratory ill- 
nesses. Only one was considered to be char- 
acteristic of epidemic influenza. Four men, 
whose washings yielded influenza C viruses, 
had no respiratory disease symptoms. Three 
of these four men. showed significant rises 
with both complement-fixation and hemag- 
glutination-inhibition tests. The fourth man 
had a significant rise with the complement- 
fixation but none with the hemagglutination- 
inhibition test. Nineteen of the remaining 27 
patients had significant rises with both tests, 
2 had no rise with either test, 3 had no rise 
with the hemagglutination-inhibition test but 
did have a rise with the complement-fixation 
test. One had a rise with the hemagglutina- 
tion-inhibition test, but did not have a rise 
with the complement-fixation test. There was 
no serum available from 2 patients. In none 
of these patients was there a correlation be- 
tween the antibody level of the acute sera and 
the occurrence of a 4-fold antibody rise in the 
convalescent sera with either test. 

Virus isolation and serological studies: As 
shown in Table I of the preceding paper, virus 
isolations and serological rises for influenza C 
were obtained throughout the entire period of 
study(4). There was only one antibody rise 
to influenza A prime while influenza B rises 
began in February and reached a peak in 
April. Virus isolations and serological rises 
for influenza C probably would have contin- 
ued until May or later had specimens been 
taken. 

The dates of isolation and serological char- 
acteristics of the 31 strains of influenza virus 
type C are summarized in Table I of this pa- 
per. There was a significant titer in each 
case with the 1167-54C immunized rooster 
serum. Strain GL 1167-54C was selected as 
the prototype strain when it was found to be 
antigenically similar to the other 30 strains 
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TABLE I. Hemagglutination-Inhibition (H.I.) Titrations of Immune Rooster Sera and Pa- 
tients’ Acute and Convalescent Sera for 31 Strains of Influenza C Viruses and Complement- 
Fixation (C.F.) Titrations to Prototype 1167-540 Strain. 


——— HI. titerst ————_, C.F. titerst 
Nasal Rooster immune 
washings GL strain sera Patients’ sera GL 1167-54C 
collected No. 1167-54C Acute Conv. Acute Cony. 

Dec, ’53—16 GL 1165 2048* 128 128 4 8 
1e/f 1167 pate: 64 2048 <4 64 

Jan, ’54— 6 1177 1024 32 128 ay 8 

25 1186 “3 No blood 
26 1203 4096 No blood 

1205 1024 128 512 <4 32 

27 1210 512 > 1924 ae y 

28 1223 2048 64 128 8 64 

1232 z se 2048 <4 es 

Feb. 2 1263 256 2! 512 s “ 
4 1282 512 256 256 B <4 

1284 1024 32 128 4 16 

8 13804 Ce 256 4096 16 256 

16 1388 8192 32 128 <4 8 

25 1460 512 2048 sf 128 

1462 512 128 i % 256 

1463 1024 256 64 

Mar. il 1484 8192 64 2048 / 16 
9 1539 2048 128 256 « 32 

22 1640 es <32 ie 8 64 

23 1654 (s 64 512 4 32 

30 1734 512 u ss <e he 

31 1743 1024 ce 2s sg i 

Apr. 5 1812 512 32 4 4 se 
1816 My <32 64 32 a 

6 1836 8192 64 1024 <4 iu 

8 1863 2048 128 256 2 16 

9 1898 8192 512 4096 4 32 

10 1908 2048 128 512 <4 iy 

12 1921 8192 512 2048 <4 16 

16 1974 2 256 1024 is S 

Homologous serum titers 2048 64 


* JJ strain of influenza C used on these two tests. 
t Titers are expressed as the reciprocal of the final dilution for H.I. and initial dilution for 


C.F. tests. 


isolated. Homologous antibody titrations 
using the patients’ virus and sera are also 
shown. All but six of the twenty-nine pa- 
tients from whom sera were available had a 
4-fold or greater homologous antibody rise by 
the hemagglutination-inhibition test. None 
of the 1954 influenza C viruses showed a sig- 
nificant antibody titer in the rooster immune 
sera to the three strains of influenza B and 
to the two strains of influenza A. 

Also seen in Table I are the results employ- 
ing complement-fixation tests on the paired 
sera from these twenty-nine cases using the 
54-C strain as antigen. All but 3 of the pa- 
tients had a significant 4-fold or greater rise 
to the GL 1167-54C prototype virus. These 
same three patients also did not show a sig- 


nificant antibody rise with the hemagglutina- 
tion-inhibition test. Using influenza strains 
52B and 53A as antigens, no complement- 
fixation antibody rises were observed. 

Our results using GL 1167-54C and GL 
1282-54C closely paralleled those obtained by 
Gerber, e¢ al.(1) with GL 899-52C. A sero- 
logical comparison of GL 1167-54C, GL 899- 
52C, and the 1950 JJ strain of influenza C 
viruses as seen in Table II show that these 
three C viruses, isolated in different years, are 
serologically the same. 

Discussion: Influenza C viruses have been 
isolated during the seasons of 1947(6,7), 
1950(5,8), 1952(1), and 1954. During the 
1952 and 1954 seasons, influenza C isolations 
were made before, during, and after the in- 
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TABLE II. Comparison of 1950, 1952 and 1954 
Strains of Influenza C Viruses Using the Comple- 


ment-Fixation and Hemageglutination-Inhibition 
Test. : 
Immune rabbit sera 
Virus Aja GL 899 GL 1167 
strain CANNER. COMMA Ashlie = Oabee 1obiis) 
JIJ—1950 128 2048 16 512 64 2048 
GL 899 ” ” ”? ? ”? ” 
1952 
GL 1167 - 1024 4 a 8 Z 
—1954 


* Expressed as reciprocal of the initial serum 
dilution. 

t Expressed as reciprocal of the final serum dilu- 
tion. 


fluenza B outbreaks. While the influenza B 
epidemics were of 3 to 4 weeks duration, the 
influenza C viruses were isolated over a pe- 
riod of about 17 weeks. 

The biological characteristics of influenza 
C viruses have been previously described 
(1,5,6). A comparison of the strains of in- 
fluenza C viruses isolated in 1950(JJ), 1952 
(GL 899), and 1954 (GL 1167) indicates 
that they have not changed antigenically in- 
sofar as can be determined by the comple- 
ment-fixation and hemagglutination-inhibition 
tests using immune sera against the 3 strains. 
However, it is possible that isolates in future 
years will display variations just as those 
found among the influenza A and B viruses. 

Summary. The isolation of 31 strains of 
influenza virus, type C, from recruits at Great 
Lakes Naval Training Center during the win- 
ter of 1953-54 is reported. A significant in- 
crease in hemagglutination-inhibition or com- 
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plement-fixation antibody titer occurred in 
the blood sera of 27 of the 29 individuals from 
whom bleedings had been obtained. There 
has been no apparent change in the antigenic 
character of the influenza C viruses since its 
original isolation. 
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Thomas G. Ward for their helpful advice and sug- 
gestions in their roles as consultants to the Naval 
Medical Research Unit No. 4. 
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In the uremic state one frequently observes 
an increase in level of serum potassium and 
a sequential pattern of cardiac changes similar 
to those observed by vagal stimulation or by 
experimentally increasing levels of serum po- 
tassium. Since increased potassium concen- 
tration either of the heart(1,2,5) or serum 
(3,4) does not account for all the cardiac 
changes, the cholinesterase activity of hearts 
from uremic dogs was estimated (6-9). 

Methods and matcrials. Studies were made 
on 6 normal dogs and 8 uremic dogs. Uremia 
was produced in 8 male dogs (16-38 kg each) 
by bilateral ligation of the ureters. The ani- 
mals were treated symptomatically by fluid re- 
placement and food as tolerated. Electrocar- 
diograms were taken daily. Serum potassium 
was determined by flame photometry in sev- 
eral animals (Fig. 1). Animals were sacrificed 
by a cranial blow or nembutal. Rhythmic ven- 
tricular contractions were still present when 
hearts were removed. Blood and fat were 
removed from hearts prior to placing them in 
beakers which were immersed in an acetone- 
dry ice mixture to insure quick freezing. 
Hearts were stored in a deep freeze until used. 
Aliquots of ventricular muscle were cut into 
small portions while in a semi-frozen state 
and homogenized for 10 minutes with 2 vol- 
umes of ice water using a Potter-Elvehjem ail 
glass homogenizer at 1000 R.P.M. at 2-5°C. 

Enzyme activity was measured manomet- 
rically at 37° according to the method of Am- 
mon(10). Acetylcholine chloride (Merck) 
was used as substrate in a final concentration 
of 0.014 M. 

Results. Table I summarizes the results 
obtained from the assay of the cholinesterase 
activity of 6 heart homogenates obtained 
from normal animals and 8 samples obtained 
from animals in experimental uremia. Re- 
sults are corrected for CO» evolved in homo- 


* Supported by grants from the Brook Foundation 
and the National Heart Institute. 


(New address, Department Biochemistry, N.V.U. Bellevue Medical Center.) 


genate controls and for spontaneous splitting 
of substrate. It is apparent that these pre- 
liminary data demonstrate a significant de- 
pression of the cholinesterase activity of 


homogenates derived from uremic heart 
samples. 
Discussion. The data demonstrate a quan- 


titative biochemical difference in cholinester- 
ase activity as measured im vivo between 
uremic hearts and normal hearts. It must be 
emphasized at the onset that if depression 
in cholinesterase activity plays a dominant 


19/5 ‘Serum K 
1/19/54 aan ee 
f Serum K 

1/20/54 
ie 4.2M. Eq. 
: Serum K 
1/21/54 Snot a 
Serum K 
1/22/54 
9:30 A.M., 7.7M. Eq. 
1/22/54 Serum K 


1:60 ALM 


beeen 


| > Donte 
[ 1/22/54 9:30 A.M, Serum K 7.7 M. Eg. [ 
FIG. 1. Serial electrocardiogram of an uremic 
dog. Male. Weight 18.5 kilograms. Dates of 
records and levels of serum potassium are given. 
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TABLE I. Cholinesterase Activity of Normal and 
Uremic Dog Hearts. 


Q CO, value* 
Normal Uremie 


3.9 
3.5 
4.9 
4.6 
4.1 
5.6 


Range 3.5-5.6 
Avg 4.4 


OH WRhAWNHHS 


DO pO) W DOD WD Ww DP 


* yl CO, evolved/hr/mg dry wt of homogenate. 


role in the observable cardiac changes in 
uremia, changes in the activity of this enzyme 
should be more or less exclusive and not sec- 
ondary to the depression of other enzyme 
systems. This possibility has not been studied 
exhaustively. 

All of the electrocardiographic abnormali- 
ties in uremia, with the exception of the T 
wave changes (i.e. incomplete heart block, 
complete heart block and disappearance of 
the ‘““p” waves), may be explained by a de- 
pression in cholinesterase activity(7).  Car- 
diac muscle contains both true cholinesterase 
and pseudo cholinesterase(12,13,14). Hence, 
the depression in cholinesterase activity as 
measured by these methods will not distinguish 
between the true and pseudo type of cholin- 
esterase. However, since it has been sug- 
gested by Mommaerts(9) that the cardiac 
conductive elements or so-called Purkinje 
fibers contain mainly true or acetylcholines- 
terase, then it is reasonable to suggest that a 
depression of this esterase could result in the 
heart block pattern observed in uremia (11, 
15°16). 


Summary. 1. The cholinesterase activity 
of the ventricle of dogs in uremia is signifi- 
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cantly lower than normals. 2. The observed 
electrocardiographic changes, characteristic of 
an impedance or block in action potential 
propagation in the heart, may therefore be 
specifically related to changes in the acetyl- 
cholinesterase activity of the conductive ele- 
ments of this organ. 
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A. L. Finkle for making the hearts of the uremic 
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Radioiron Citrate as Tracer to Determine Disappearance Rate of Plasma 


Iron in Normal Subjects.* 


(21612) 


R. KENNETH LOEFFLER, DonaLp A. RAPpoport, AND VINCENT P. CoLtins. 
(Introduced by R. A. Seibert.) 


From Departments of Radiology and Biochemistry, Baylor University, Texas Medical Center, 
Houston, Texas. 


Huff, Hennessy, Elmlinger and _ others 
working with Lawrence have reported studies 
using radioiron as a tracer to study the turn- 
over of iron in animals, and in patients with 
a variety of diseases(1-5). Other groups 
have used this test to follow disorders of iron 
turnover associated with disease conditions 
(6-7). Generally, the tracer administered 
consists of globulin bound radioiron prepared 
from the patient’s serum or using purified 
globulin (IV-7 fraction, Cohn)(8). The 
tracer is given intravenously and its rate of 
disappearance determined from multiple as- 
says of plasma radioactivity. The course of 
iron from plasma to liver, spleen and bone 
marrow, can be obtained from repeated ex- 
ternal countings over representative sites. As 
radioiron is incorporated in hemoglobin of 
newly formed red cells, it reappears in cir- 
culating blood. The percentage of tracer iron 
which appears in red cells is quantitatively 
determined at intervals of several days. The 
reports of Lawrence’s group and others indi- 
cate the value of this test on a routine clinical 
basis, as an aid in diagnosis of hematopoietic 
disorders, as well as an index of the effect of 
therapy since changes in the functional status 
of the hematopoietic system can thus be sus- 
pected in a matter of hours, and estimated in 
a few days. Preparation of radioiron bound 
to IV-7 globulin, suitable for use in patients, 
has been a tedious procedure and difficult to 
reproduce. We have been able to prepare 
consistently dependable protein bound tracer 
only by incubating patient’s plasma with ra- 
dioferric chloride, buffered to pH of approxi- 
mately 6 with sodium citrate, prepared just 
before injection(1). This requires the with- 
drawal of a large blood sample, centrifuging, 


* Supported in part by Medical Research and De- 
velopment Board, Office of Surgeon General, Dept. 
of the Army. 


removal of plasma, incubation with iron 
preparation, and reinjection, all of which 
must be done under sterile conditions. To 
obviate this time consuming procedure for 
each turnover, attempts were made to prepare 
a stock solution using either dried pooled 
plasma or purified IV-7 fraction obtained 
from Cohn’s laboratory in Boston or from 
Cutter Laboratories in Berkeley. While sev- 
eral of these preparations were satisfactory, 
others failed to demonstrate adequate iron 
protein binding and gave rapid disappearance 
of tracer iron consistent with disappearance 
of injected ionized iron. In addition, there is 
always the problem of sterile preparation and 
continuous refrigeration. When stock solu- 
tion is prepared from dried pooled plasma, in- 
fectious hepatitis is a serious hazard even 
though the likelihood is remote. Since the 
IV-7 plasma fraction binds the iron in un- 
dialysable form so readily in vitro with fresh 
plasma, the transfer im vivo may well be suf- 
ficiently rapid to permit injection of iron 
preparation directly to obtain a disappear- 
ance curve similar to that followed by bound 
material. Furthermore, since bringing ionic 
iron (as FeCl; in acid solution) to a pH of 6 
will result in precipitation of Fe(OH); the 
iron preparation must consist of iron citrate. 
This report gives experimental data on rate 
of disappearance of intravenously adminis- 
tered ferric citrate in patients without pri- 
mary hematopoietic disorders. 


Procedure. A stock solution of radioferric 
citrate is prepared in quantity, and trans- 
ferred to sterile withdrawal bottles. The 
stock solution is prepared by adding Fe’ 
Cl; in HCl, with specific activity of 2000-5000 
mc/g (as obtained from Oak Ridge) to 0.1% 
(w/v) Na citrate in isotonic saline. The solu- 
tion is adjusted to a pH of approximately 6 
using indicator paper, then transferred to 60 
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ml serum bottles, and sterilized by autoclav- 
ing at 120°C for 15 minutes. The resultant 
solution is prepared so that initially 10 ml of 
solution will contain between 3 and 5 uc of 
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for 4 hours, 2 ml of whole blood are with- 
drawn for determination of radioactivity. 
Radioactivity assays are determined using a 
well-type sodium iodide crystal with a Du- 
Mont Photomultiplier tube, operated along a 
plateau from 1350-1500 volts. This gives a 
background of approximately 250 cts/min, 
and a detection efficiency for Fe” of about 
30%. The disappearance curve is plotted on 
semilogarithmic paper, and plasma volume es- 
timated from extrapolated zero-time dilution 
factor(1). 

Experimental. Six patients with a variety 
of disease conditions not related directly to 
the hematopoietic system were chosen, on the 
basis of their availability for 8 hours without 
undergoing other procedures. Two disappear- 
ance rates were determined for each subject, 
first, using direct injection of ferric citrate in 
the morning, and second, ferric citrate incu- 
bated with plasma in the afternoon. Forty- 
five ml of blood were withdrawn initially for 
preparation of plasma, then radioferric citrate 
was injected along with 5 ml of Evans blue 
dye. Samples were taken at 5 minutes and 
every half hour thereafter for 4 hours. Dur- 
ing this time an equal amount of ferric citrate 
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was added to the separated plasma, and in- 
cubated at room temperature. Four hours 
after injection of ferric citrate, the incubated 
plasma was injected, and again blood sam- 
ples taken at 5 minutes and at half hourly 
intervals for 4 hours. The results, demon- 
strating similarity of behavior of the two 
forms of iron, are presented in Table I. 
Urine samples were collected on the first three 
subjects, and contained less than 0.5% of in- 
jected radioiron administered as citrate, with 
no excretion of radioiron following injection 
of incubated plasma. Urine of fourth sub- 
ject was collected at one minute intervals 
through ureteral catheters during the first 
hour of ferric citrate injection. All radio- 
isotope excretion occurred during the first 2 
minutes. These studies are being continued 
on patients having a wide variety of disease 
conditions, and utilizing other iron prepara- 
tions. It may be questioned whether the iron 
citrate technic would be valid for use with 
patients having a very high serum iron as in 
hemochromatosis or hemosiderosis. Assum- 
ing that there is an absolute amount of iron 
binding protein available, a serum iron level 
of 300 wg % may approach saturation. Then 
the tracer dose of iron citrate could not be in- 
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corporated with protein bound iron. Data of 
Gitlow(10,11) indicate that saturation in ex- 
cess of 95% will rarely be encountered. Five 
% unsaturation of a binding capacity of 300 
ug % would represent an ability of protein to 
chelate an additional 150 yg/l of plasma. 
The tracer dose of 1-5 wg should not be exces- 
sive even in these clinical conditions, though 
we have not yet had a patient of this category 
for study. To date, the citrate disappearances 
have been identical to those of the globulin- 
bound iron. These studies will be submitted 
aS a separate report when the general applic- 
ability has been better established. 


Conclusions. Radioferric citrate, adminis- 
tered intravenously to patients without pri- 
mary disorder of hematopoiesis, disappears 
from the plasma at a rate similar to that of 
the disappearance of globulin-bound radio- 
iron. It is probable that the iron is rapidly 
incorporated into the iron binding globulin 
of the plasma (IV-7 fraction, Cohn), and the 
disappearance rate obtained following the in- 
jection of ferric citrate is actually that of the 
disappearance of protein bound iron. The 
use of ferric citrate as a tracer for iron turn- 
over studies is a simplification which permits 
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the more routine availability of these studies 
in a clinical practice. 
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Maintenance of Pregnancy in Absence of Dietary Protein with 


Progesterone.* 


(21613) 


MarjorirE M. NELSON AND HERBERT M. EVANS. 


From the Institute of Experimental Biology, University of California, Berkeley. 


Nelson and Evans(1) have recently shown 
that pregnancy can be maintained in 100% 
of the animals on a protein-free diet by daily 
injections of a combination of estrone (0.5- 
1.0 ng) and progesterone (4 mg), whereas a 
daily dosage of 4 mg of progesterone alone 
maintained pregnancy in 70% of the animals. 
To determine whether this progesterone dos- 
age was optimal for the experimental condi- 
tions, levels of this hormone varying from one 
to 8 mg have been tested for maintenance of 
pregnancy in the absence of dietary protein. 
Methods. Stock female rats of the Long- 
Evans strain, 80-85 days of age and averaging 
190-195 g in body weight, were bred with nor- 


* Aided by grants from College of Agriculture of 
University of California, Roche Anniversary Founda- 
tion, and U.S. Public Health Service. We are in- 
debted to Dr. Daniel A. McGinty of Parke, Davis 
and Co., Detroit, Mich., and to Chemical Specialties, 
Inc., New York City, for generous supplies of pro- 
gesterone; to Dr. T. H. Jukes, Lederle Laboratories, 
Pearl River, N. Y., for pteroylglutamic acid and vit. 
Bw; to Dr. Elmer L. Sevringhaus of Hoffmann La 
Roche, Inc., Nutley, N. J., for d-biotin, d-calcium 
pantothenate and dl-alpha-tocopherol; and to Dr. 
Randolph Major, Merck and Co., Inc., Rahway, 
N. J., for crystalline B vitamins and 2-methyl-1,4- 
naphthoquinone. 


mal males and placed on the protein-free diet 
the first day of gestation. The protein-free 
diet, the same as that used in previous studies 
(1,2), consisted of 88% sucrose, 8% hydro- 
genated vegetable oil (Crisco or Primex), and 
4% salts. Crystalline vitamins per kilogram 
of diet were: 50 wg vit. By, 600 pg d-biotin, 
10 mg 2-methyl-1, 4-naphthoquinone, 10 mg 
thiamine HCl, 10 mg pyridoxine HCl, 11 mg 
pteroylglutamic acid, 20 mg riboflavin, 20 mg 
p-amino-benzoic acid, 50 mg niacin, 100 mg 
d-calcium pantothenate, 800 mg inositol, and 
1.0 g choline chloride. All rats received 
weekly a fat-soluble vitamin mixture contain- 
ing 800 U.S.P. units vit. A, 115 chick units 
vit. D, 6 mg dl-alpha-tocopherol, and 650 mg 
corn oil. (Mazola). Progesterone injections 
were started 3 days after breeding and con- 
tinued until the day before autopsy. Syn- 
thetic progesterone was dissolved in sesame 
oil and 0.1-0.5 cc injected subcutaneously 
once per day. Ten to 12 animals were used 
for each of the following progesterone levels, 
namely 1, 2, 3, 4, 6 and 8 mg. Four groups, 
2 receiving 0.3 cc sesame oil daily and 2 with- 
out any injections, were kept as controls. 
Vaginal smears were examined daily during 
gestation for the presence of erythrocytes, the 
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TABLE I. Effect of Varying Levels of Progesterone on Reproduction of Rats Maintained on 
Protein-Free Diets. 
SS ooo 


Proges- 
terone Wt change Onset Implanta- Living 
dosage Rats bred during ges- vaginal Resorp- Litterst tion sites/ fetuses/lit- 
(mg daily) (No.) tation (g) RBC* (day) tions (%) (%) rat (No.) tert (No.) 
Series 1—Animals autopsied day 13 of gestation 

0 20 —30 10.0 89 al 9.4 

1 12 —38 10.7 83 17 8.3 

2 12 —36 11.6 42 58 9:2 3.7 

3 10 -31 12.4 40 60 11a le 10.5 

4 10 -30 13.0 20 80 8.7 5.9 

6 ital —29 12.5 0 100 10.6 8.9 

8 12 —25 11.5 8 92 10.5 7.0 

Series 2—Animals autopsied day 21 of gestation 

0 20 —41 10.2 95 5 5.7 

1 12 —40 11.4 83 iy 8.8 

2 12 —39 11.3 75 25 10.1 6.7 

3 12 —36 NET 67 33 10.1 6.5 

4 20 31 12.1 30 70 8.9 6.2 

6 10 —29 13.2 40 60 9.8 6.3 

8 10 —24 12.0 30 70 10.0 5.7 


* Day when vaginal smear first contained erythrocytes (RBC). 
+ This column gives the % of rats with living fetuses at autopsy; this does not imply that 
the rats littered, inasmuch as the animals were autopsied before parturition in both series of 


¢ Values are given only for groups in which at least 3 rats had living embryos or fetuses at 


experiments. 

autopsy. 
sign that implantation has occurred. Two 
series of experiments were carried out. In the 


first series, the animals were autopsied on day 
13 of gestation, and in the second series on 
day 21, one day before the expected parturi- 
tion. 

Results. Table I summarizes the data on 
reproductive performance for the 2 series of 
experiments. In the first series, in which all 
rats were autopsied on the 13th day of preg- 
nancy, the maintenance of pregnancy in- 
creased as the progesterone level was raised 
to the 6 mg daily dosage. This progesterone 
level resulted in living fetuses in 100% of the 
animals at autopsy. Regardless of the dosage, 
there was no significant difference in the num- 
ber of implantation sites per rat. The early 
appearance of vaginal erythrocytes on the 
10th to 11th days, indicating fetal death and 
beginning resorption of one or more implanta- 
tion sites(3), occurred in some groups. 

In the second series, in which all animals 
were autopsied on the 21st day of pregnancy, 
maintenance of pregnancy improved as the 
progesterone level was increased to the 4 mg 
daily dosage. This hormone level resulted in 
living fetuses in 70% of the animals at au- 


topsy. Higher levels, 6 or 8 mg daily, did not 
prove to be more beneficial.t The mainte- 
nance of pregnancy resulting in all groups in 
this series was less than that obtained for cor- 
responding groups of the first series autopsied 
earlier in gestation. When pregnancy was 
maintained with progesterone the number of 
living young per litter averaged 6.2 in con- 
trast to the normal average of 9.1(1). At 
higher levels of progesterone the rats tended 
to lose less weight during the gestation period. 
This may have been due to water retention, 
as such animals exhibited marked edema of 
the abdominal organs, especially in the region 
of the pancreas. A similar edema has been 
noted previously in protein-depleted rats in 
which pregnancy was maintained by the 
combination of estrone and progesterone(1). 
Discussion. Lyons(4) has shown that the 
combination of estrone and _ progesterone 


+ Lack of deleterious effects on reproduction shown 
by higher levels (6-8 mg) of progesterone in both 
series of experiments should be noted. Levels higher 
than 8 mg daily were not tested because of possible 
anesthetic effects. In contrast, high levels of estrone 
(4-6 wg) exhibited markedly injurious effects on re- 
production(1). 
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maintained pregnancy in the absence of the 
pituitary and the ovaries, whereas either pro- 
gesterone or estrone given separately had no 
effect. The maintenance of pregnancy by in- 
jection of progesterone alone in the protein- 
depleted rat would, therefore, appear to indi- 
cate the presence of some circulating estrin 
in these rats. .The difference in reproductive 
performance in groups receiving the same pro- 
gesterone level but autopsied on the 21st day 
instead of the 13th day of pregnancy may 
have been due to a progressive decrease in cir- 
culating estrin as protein depletion continued. 
An alternative explanation would be an in- 
crease in the estrin requirement for the latter 
part of pregnancy. Apparently protein deple- 
tion during pregnancy affected estrin produc- 
tion only gradually but had an immediate ef- 
fect on progestin production, so that proges- 
tin was the principal hormonal deficiency un- 
der these experimental conditions. 


The level of progesterone required to main- 
tain pregnancy in a majority of the protein- 
depleted rats appeared to be 4 mg daily. For 
the first 13 days of pregnancy, the highest 
percentage of litters resulted from the use of 
the 6 mg daily dosage. No data are available 
in regard to the progestin requirement of the 
hypophysectomized - oophorectomized rat for 
the first 13 days of pregnancy in comparison 
with that for the latter part of pregnancy. It 
is possible that placental production of luteo- 
trophin may change the requirement during 
the latter part of the gestation period. The 
slightly better reproductive performance dur- 
ing the first 13 days obtained with the 6 mg 
progesterone level in comparison with the 4 
mg level in these protein-deficient rats is 
similar to that observed with the same hor- 
mone dosages in thiamine-deficient rats for 
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the same period(5). 

In hypophysectomized - oophorectomized 
rats the requirement for progesterone must be 
determined in combination with estrone, inas- 
much as progesterone alone is insufficient for 
maintenance of pregnancy in these animals. 
Lyons(4) reported that pregnancy was main- 
tained to a greater extent in the doubly-oper- 
ated animals receiving 4 mg_ progesterone 
daily than when the 3 mg daily dosage was 
used together with estrone. The protein-de- 
ficient rats showed little difference in repro- 
ductive performance for the 3 and 4 mg pro- 
gesterone levels during the first 13 days of 
pregnancy. By the 21st day, however, main- 
tenance of pregnancy was significantly better 
in the group receiving the 4 mg daily dosage. 
The remarkable similarity in the level of pro- 
gesterone required by both protein-deficient 
and hypophysectomized-oophorectomized rats 
suggests the absence of circulating progestin 
in animals deprived of dietary protein during 
pregnancy. 

Summary. Levels of progesterone, varying 
from one to 8 mg daily, were given to rats of 
the Long-Evans strain receiving a protein- 
free diet throughout the gestation period. Un- 
der the experimental conditions the level of 
progesterone required to maintain pregnancy 
in a majority of the animals closely approxi- 
mated 4 mg daily. 
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Serum Cholesterol, Phospholipid and Lipoprotein Levels in Elderly 


Male Subjects. 


(21614) 


P. G. ACKERMANN, H. J. BuEHLER, G. Toro, AND W. B. Kounrtz. 
From St. Louis Chronic Hospital, Division of Gerontology, Washington University School of Medi- 


cine, and the Central Research Laboratory, 


In connection with studies on serum lipo- 
proteins in elderly individuals(1,2) the serum 
cholesterol, phospholipid and S; 12-20 levels 
were determined in elderly male subjects. All 
tests were not run on all subjects, but the to- 
tal numbers of satisfactory subjects used for 
tests were sufficiently large (60 to 80) to war- 
rant reporting the results. 

Methods. Subjects were inmates of the St. 
Louis Chronic Hospital, aged 53 to 94 years. 
Subjects with acute or infectious diseases, ne- 
phrosis, diabetes, extreme hypertension or re- 
cent (within one year) myocardial infarction 
or cerebrovascular accident were excluded 
from the tests, as were subjects suffering from 
definite malnutrition. S; values were deter- 
mined by the method described by De Lalla 
and Gofman(3). Cholesterol and lipid phos- 
phorus were determined by methods given 
earlier(2) and lipid phosphorus converted to 
phospholipid by the empirical factor of 25. 
All determinations were made on serum from 
blood samples drawn in the morning before 
breakfast. 

Results. Table I gives a comparison of the 
S+ 12-20 levels with age of subjects. In this 
only average value was used for each subject. 
Results are not included for any subject with 
a history of recent medication with thyroid or 
sex hormones. Subjects were divided into age 
groups and the average S; values computed 
for each group. There is a Statistically sig- 
nificant difference in averages only between 
oldest and other groups. For all subjects, 


TABLE I. Correlation of S; 12-20 Levels with Age. 


No. of Avg S, 12-20 level 
subjects Avg age Qng %) 
10 54.6 (53-58) 45,3 + 3.4% (22- 63) 
13 64.6 (60-68 ) 41.8 + 4.7 (21-87) 
23 eS) 41.7 + 3.7 (26-64) 
14 86.5 (80-94) ester, f Wass 18) 


* Stand. dey. of the mean. 
Figures in parentheses show range of values 
found. 


Anheuser-Busch, Inc., St. Louis. 


TABLE II. Correlation of Serum Cholesterol and 
S, 12-20 Levels. 


No.of Avg cholesterol Avg S; 12-20 level Avg 
subjects levelinmg % inmg % age 
25 199.2 (160-228) 28.5 + 14* (16- 50) 72.4 
27 242.8 (230-258) 41.6 +2.8 (22-60) 74.3 
28 285.4 (260-327) 43.0 + 2.4 4 Gs 63) 73. 1 
* Stand. dev. of the mean. 
Figures in parentheses show range of yalues 
found. 
however, the correlation coefficient between 


age and S- 12-20 level is r=—0.348 + 
0.129 (significant at the 1% level). This 
negative coefficient is in agreement with the 
work cited by Keys(4) in which values for 
61-70 age group averages lower than the 51- 
60 age group. We determined S; levels in a 
few young individuals and obtained results in 
the range of 15 to 20 mg %. These are in ac- 
cord with values of Milch(5) who found S; 
12-20 levels of 20 mg % in a number of males 
in the 20-25 age group which increased to ap- 
proximately 40 mg % in the 40-45 age group. 
Recently Glazier and associates(6) have pub- 
lished data on the S; values in a large number 
of subjects. In young male subjects their 
average level of S; 12-20 lipoproteins was ap- 
proximately 40 mg % with average levels up 
to 60 to 70 mg % in older subjects. Our val- 
ues as tabulated are somewhat lower. These 
authors did find that the levels for male sub- 
jects in the 60 to 70 age group were on the 
average slightly lower than those for the 50 
to 60 age group. 

Table II shows results of comparison of the 
S- 12-20 levels and cholesterol levels. In the 
comparison of cholesterol levels with S; or 
phospholipid levels, some results are included 
from patients with previous medication when 
their serum lipids appeared to be stable at the 
determined levels. The data were divided into 
3 nearly equal groups on the basis of choles- 
terol levels as indicated in the Table and the 
average S; levels computed for each group. 
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The last column of the Table gives average 
age of each group and demonstrates that there 
is no age difference between groups. There is 
an increase in average S; value with the chol- 
esterol level and a statistically significant dif- 
ference between the first 2 groups. For all 
subjects the correlation coefficient between 
cholesterol and S; levels is r= -—+ 0.564 + 
0.077 (significant at the 0.1% level). Though 
the correlation is good and in agreement with 
the work of Gertler and Oppenheimer(7) who 
found a coefficient of 0.56, there is a consid- 
erable spread of S; values for each group. 

A third correlation was made between chol- 
esterol and phospholipid values in serum. 
Peters(8) found a linear relationship between 
serum cholesterol and phospholipid, which on 
converting his lipid phosphorus values to 
phospholipid by the empirical factor of 25, is 
equivalent to the equation: P= 0.735 C+ 
90 where P is the phospholipid level and C 
the cholesterol level both expressed in mg %. 
In the analysis of 104 pairs of cholesterol- 
phospholipid values by the method of least 
squares we found the equation: P = 0.783 C 
+ 73. The difference between constants of 
the 2 equations is not significant. They are 
valid only over the range from 150 to 450 
mg %, the 2 equations give calculated phos- 
pholipid values differing by only a few mg % 
for the same cholesterol value. At 200 mg % 
cholesterol these equations lead to choles- 
terol:phospholipid ratios of 0.846 and 0.870 
respectively and at 300 mg % cholesterol the 
ratios are 0.970 and 0.975. These equations 
which are derived from experimental data in- 
dicate that the average cholesterol: phospho- 
lipid ratio varies with the cholesterol concen- 
tration. It has been suggested(9) that this 
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ratio may be an indicator of deranged lipo- 
protein equilibrium. Since this ratio varies 
with the cholesterol concentration, either the 
latter should be as good an indicator or it 
would be more logical to compare the meas- 
ured cholesterol ratio not with a ratio derived 
from a cholesterol level of say 180 mg % but 
with that obtained from the actual cholesterol 
level using one of the above equations. 

Summary. The cholesterol, phospholipid 
and S; 12-20 levels in the blood serum were 
determined in a number of elderly subjects 
all over the age of 52. In these age groups 
there was a slight decrease in S¢ level with age 
and a good correlation between the S; level 
and the cholesterol level. The phospholipid 
level was found to vary linearly with the 
cholesterol level. 
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There is a general misconception that the 
amount of glycogen in skin of mammals re- 
mains constant. Those who have studied it 
histochemically, however, are aware of the 
close relation which exists between amount of 
glycogen in skin and the growth cycle of hair 
follicles. For this reason, a study of glyco- 
gen in skin in relation to controlled phases of 
hair growth cycle is of interest. 

The epidermis of newborn mammals is rich 
in glycogen but the epidermis of the adult 
contains none(3,14,18). In adult skin, gly- 
cogen can be demonstrated in the epidermis 
only during wound repair and in pathological 
conditions of the skin(1,5,7). Glycogen nor- 
mally occurs in growing hair follicles(4,10,11, 
16,17), and its presence or absence there is 
correlated with the hair growth cycle. This 
paper traces histochemically and biochemic- 
aily the rise and fall of glycogen in the hair 
follicle during the hair growth cycle. 

Materials and methods. This study was 
carried out on a large series of C57 Black 
(C57BL/6Ch) mice. Growth of hair was 
initiated by plucking the club hairs(6) and 
pieces of skin were removed at 0, 1, 2, 3, 4, 
67 6,-97016,, 18, 19,920, -21, and 22: days alter 
plucking. The specimens were taken at 11 
A. M., fixed in Zenker-formol and embedded 
in paraffin. Five micron sections were stained 
with the periodic-acid Schiff technic of Mc- 
Manus(15). Alternate sections, incubated in 
buffered diastase(12) for one hour at 37° or 
for 10 minutes in saliva served as controls. 
For determination of glycogen, three pieces of 
skin were removed from each animal at 3, 6, 
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9, 16, and 22 days after plucking. Each sam- 
ple of skin was weighed and hydrolyzed in po- 
tassium hydroxide. Glycogen was precipi- 
tated in 95% ethyl alcohol. After redissolv- 
ing in water, glycogen was determined by the 
anthrone method(19). 

Observations. During anagen I (1-2 days 
after plucking) cells of the quiescent follicle 
go into mitotic activity and proliferate down- 
ward into the dermis. During anagen IT (2-3 
days after plucking) a cord of cells extends 
downward and encloses the ball of papillary 
cells. The inner root sheath begins to be 
formed as a thin keratinized dome just above 
the cone of epidermal cells around the papilla. 
During this time, a few granules of glycogen 
appear in cells of capsule beneath the resting 
club of the previous hair generation. There 
is no other visible glycogen in the hair follicle 
at this stage. Anagen III (3-4 days after 
plucking) is the period during which the 
whole follicle grows downward and establishes 
its characteristic size and shape. In the mid- 
dle segment of the outer sheath, the periphery 
of cells is outlined by granules of glycogen. 
The inner sheath begins to plow its way up- 
ward and at the end of this period it extends 
to the level of the sebaceous gland. The first 
pigmentary dendritic cells appear in the bulb. 

Anagen IV (about 6 days after plucking) 
marks the beginning of actual hair produc- 
tion. The base of the follicle has reached a 
depth of about 500 u below skin surface. A 
hair, with cortex and medulla is formed. Gly- 
cogen is present in cells of middle segment of 
outer sheath from above the bulb to just be- 
low the sebaceous duct. Glycogen is also pres- 
ent in the nonkeratinized cells of the medulla 
and cuticle of the cortex. At the end of ana- 
gen IV the tip of the hair is at the level of se- 
baceous gland. Anagen V (8 days after 
plucking) is that stage when tip of hair 
reaches the skin surface. Cells of the middle 
portion of external sheath are laden with gly- 
cogen. 
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By Anagen VI, critical formative stages 
have occurred and hair continues to be formed 
for a period of 8-9 days. During this period 
the outer sheath remains rich in glycogen and 
small amounts may be found in the unkeratin- 
ized cells of the medulla and cuticle of the 
cortex. In the medulla of the hair, glycogen 
is particularly conspicuous in the lower mid- 
dle portion of the follicle. 

Catagen (about 17 days after plucking) is 
the transitory period which marks cessation 
of hair growth. A brush-like club and a sur- 
rounding capsule are formed. The lower one- 
half to two-thirds of the follicle, including the 
bulb degenerates, the dermal papilla is re- 
leased and forms a ball of cells at the base of 
the abortive, quiescent follicle. At the end of 
catagen, the base of the follicle is about 250 
uw below the skin surface. Visible glycogen 
disappears suddenly from the entire follicle. 

Telogen is the resting stage of a follicle and 
it is reached approximately 19 days after 
plucking. Resting follicles contain no visible 
glycogen. 

In the one-day-old mouse, development of 
the hair follicles is dischronous; whereas some 
follicles may be no more advanced than epi- 
dermal buds, others have progressed to ana- 
gen JI, III, or IV. Each individual follicle 
follows a pattern of growth identical to that 
of the adult mouse(6); the distribution of 
glycogen in the follicle is also similar to that 
described above for adult mouse. 

Unlike that of older animals, the surface 


epidermis contains abundant glycogen. One 
day after birth, all layers of the epi- 
dermis, except the stratum corneum are 


rich in glycogen. On the second day, the epi- 
dermis has less glycogen and basal cells are 
free of it. The amount of glycogen in epider- 
mis diminishes gradually until 6 days after 
birth, at which time most follicles are in ana- 
gen VI. Nine days after birth the epidermis 
no longer shows demonstrable glycogen. 
From the biochemical analysis, it is clear 
that there is some variability in amount of 
glycogen from the three samples taken at the 
same time from the same animal, but overall 
results show a remarkably consistent trend. 
The average gammas of glycogen per mg of 
wet skin at the indicated days after plucking 
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are as follows: 3 days, 1.071; 6 days, 1.498; 
9 days, 2.002; 16 days, 2.312; 22 days, 0.712. 
The skin during periods of hair production 
contains 2 to 3 times as much glycogen as the 
skin during telogen or early anagen. It is to 
be noted also that at catagen glycogen values 
drop suddenly. Although a certain propor- 
tion of the glycogen in each of these values 
must represent glycogen in the muscle of the 
panniculus carnosus, there is a close paral- 
lelism between the biochemical findings and 
the visual observations. 

Discussion. During the resting period and 
early periods of mitotic activity, there is lit- 
tle or no glycogen in the hair follicle. Glyco- 
gen is gradually accumulated in the follicle as 
the structure of the active hair follicle is re- 
established. During the period of hair pro- 
duction, glycogen is present in large amounts 
in the external sheath of the middle segment 
of the follicle, and in the unkeratinized cuticle 
of the hair shaft and medulla. This increase 
in amount of skin glycogen can be detected 
biochemically as well as histochemically. 

The distribution of glycogen suggests that 
there is an inverse relationship between the 
storage of glycogen and cell proliferation and 
differentiation(16). When cells are actively 
dividing or when they are becoming rapidly 
keratinized, glycogen may be used up rather 
than stored; in cells where keratinization is 
slow and less complete, such as in the cuticle 
of the cortex and the medulla, glycogen can 
be demonstrated. This point is also illustrat- 
ed by injured epidermal cells which neither 
divide nor undergo complete keratinization. 
At this time they are also full of glycogen(2, 
5,7,13). The distribution of glycogen in the 
skin of the newborn mouse also illustrates 
these points. It is well known that fetal epi- 
dermis, which shows sluggish and incomplete 
keratinization abounds in glycogen(5,9,18). 

Glycogen in hair follicles may represent a 
nutritive source for growth and regeneration. 
Perhaps, the growing hair follicles store large 
amounts of glycogen so that keratinization. 
which takes place some distance from the der- 
mal blood supply, may have a store of glyco- 
gen for anaerobic glycolysis(5). 

In the early stages of anagen the increasing 
amounts of glucose available may be used for 
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energy by the cells in mitosis. During anagen 
I and II, there is no glycogen present. During 
anagen III, mitotic activity wanes in the 
external sheath but it increases in the bulb 
and glycogen begins to be stored in the middle 
portion of the sheath. Growth of the hair 
shaft begins in anagen IV and mitotic actiy- 
ity becomes confined mainly to the bulb. It 
is possible also that the cells of the outer 
sheath, which are practically at a standstill 
mitotically, no longer need glycogen for en- 
ergy; and since the blood supply is still high, 
glycogen is stored in them. This supply of 
glycogen could be used during active hair 
formation. In catagen, glycogen disappears 
quickly as the vascularization is decreased 
(8). 

Summary. During telogen, anagen I, and 
anagen II no glycogen is present in the hair 
follicle except for occasional granules in the 
capsule. Glycogen begins to appear in the 
lower external sheath in anagen III and per- 
sists in large quantities in this layer during 
the period of hair production. In addition, 
glycogen is found in the unkeratinized cuticle 
of the hair shaft and medulla in anagen IV 
through VI. Glycogen disappears abruptly 
from all these structures during catagen. 
Skin has 2 to 3 times as much glycogen dur- 
ing periods of hair growth than it has during 
telogen or at three days after plucking (ana- 
gen stages preceding hair growth). Cyto- 
chemical data indicate that this increase is 
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due largely to the increased amount of glyco- 
gen found in the external sheath during pe- 
riods of active hair production. 
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In the course of studies(1) of the diuresis 
associated with the administration of large 
intravenous doses of bacterial pyrogens, data 
were obtained which suggested that this ma- 
terial specifically interfered with the renal 


* This work is being supported by a grant from 
the American Heart Assn. and the Orange County 
Heart Assn. 


tubular response to antidiuretic_hormone. 
The following experiments were devised to 
test this postulate. 


Methods. Under light pentobarbital anes- 
thesia, each of 10 normally hydrated, previ- 
ously untreated, fasting female mongrel dogs 
were given an intravenous infusion of 5% 
glucose in water at a constant rate of 5 cc to 
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10 cc per minute. Ten to 20 minute collec- 
tions of urine from the bladder were made 
during the development of water diuresis and 
throughout each experiment, using an indwell- 
ing catheter. Following the establishment of 
the water diuresis at a constant level for 3 or 
4 periods, antidiuretic hormone (ADH, vaso- 
pressin, Pitressin®) was added to the infu 
sion. The rate of ADH infusion was also con- 
stant throughout each study, and ranged be- 
tween 25 and 100 milliunits per hour in ct| 
ferent experiments. Following the establish- 
ment of a constant antidiuresis for 3 or 4 
periods, 50 micrograms of bacterial pyrogen 
(Piromen®-5 cc)+t were injected into the in- 
fusion tubing, and urine collections were con- 
tinued for 2 to 3 hours. In several animals, 
single intravenous doses of 5 units of Pitressin 
were given at the height of a pyrogen diuresis 
induced by the injection of 50 yg of bacterial 
pyrogen. Heparinized blood samples were 
drawn at the beginning and end of each ex- 
periment involving a water diuresis, e.g. in the 
10 animals cited above. Urinary and plasma 
solute concentrations (osmolarity) were 
measured by freezing point depression, and 
total solute excretion per minute was calcu- 
lated from the product of urine flow and urine 
solute concentration. A number of the ani- 
mals were restudied about a week later to 
evaluate renal concentrating and diluting 
function by means of water deprivation and 
forced water diuresis respectively. 


Results. It soon became apparent that for 
dogs in which a water diuresis was established 
and then inhibited by ADH, followed by a 
large dose of pyrogen, a reproducible set of 
responses could be anticipated. A typical re- 
sponse for one dog is tabulated in Table I 
and demonstrated in Fig. 1. The response in 
all animals was a uniform rise in urine flow to 
a maximum level and a corresponding fall in 
urinary solute concentration as water diuresis 
became established. Urine osmolarity was 
high before the water diuresis and fell ap- 
proximately 90% with the increase in urine 


= | 
t Piromen was supplied by Travenol Laboratories, 
Morton Grove, Ill. This material is a nonprotein 
complex polysaccharide derived from pseudomonas. 
The material used contained 10 y/cc. 
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TABLE I. Water Diuresis-Pitressin Antidiuresis- 
Pyrogen Diuresis in the Dog. 


Urine Total solute 
Time Urine flow osmolarity excretion 
(min. ) (ec/min.)  (mOsm./1) (~Osm./min.) 
0 5% glucose/water infusion-rate—6 e¢/min. 
110-120 3.20 105 336 
120-130 BED 100 355 
130-140 Eo) 106 376 
140 Pitressin added to infusion—100 mU/hr 
140-150 3.63 110 399 
150-160 1.00 211 211 
160-180 72 512 370 
180-190 45 892 402 
190 Piromen—50 v I.V. 
190-210 34 1104 375 
210-230 40 1008 406 
230-240 85 702 597 
240-250 2.00 252 504 
250-260 3.65 146 533 
260-270 3.95 104 411 
270-280 oults 106 334 
280-300 2.25 ieyil 295 
300-330 2.67 112 299 


flow during water diuresis, so that total solute 
excretion remained fairly constant. With the 
administration of ADH there was a fall in 
urine flow to 0.5 cc/min. or less and a cor-, 
responding increase in urinary solute concen- 
tration, total solute excretion remaining un-. 
changed. (There was a transitory fall in sol- 
ute excretion for one collection period ate 
the start of Pitressin antidiuresis, see Fig. 1). 
Following a delay of approximately 40 min- 
utes after the injection of pyrogen there was 
an abrupt rise in urine flow with a corre- 
sponding fall in osmolarity again maintaining 
solute excretion per minute near initial levels, 
except for a slight transient increase in solute 
excretion at the onset of the pyrogen diuresis. 
The increasing urine flow reached a peak 
about 30 minutes after the onset of the pyro- 
gen diuresis and remained at that level for 
one or two collection periods after which it 
fell slightly but continued high during the 
next two hours. At all times, with peak diur- 
esis, urine osmolarity was well below that of 
plasma. The latter tended to fall slightly be- 
tween the begining and end of the study. The 
animals, in this group, which were restudied 
were found to have normal concentrating and 
diluting function. 

In the animals in which ADH was given at 
the height of the pyrogen diuresis (see meth- 
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FIG. 1. Relationship of urine flow, renal plasma flow, urine and plasma osmolarity, and urine 
solute excretion during sequence of water diuresis, Pitressin antidiuresis, and pyrogen diuresis. 
Note presence of continuous Pitressin infusion during pyrogen diuresis. 


ods) it was noted that no antidiuretic effect 
developed in spite of the presence of pressor 
and other systemic effects. 

Discussion. The present experiments have 
clearly demonstrated that a large dose of bac- 
terial pyrogen abolishes the responsiveness of 
the renal tubule to antidiuretic hormone in 
the dog. The doses of pyrogen used do not 
permanently damage tubular functions of 
concentration or dilution. The uniform asso- 
ciation of an increased renal plasma flow with 
the diuresis evoked by the pyrogenic reaction 
(1,2) is probably not related to the diuresis. 
No consistent relationship exists between 
plasma flow and urine flow(3) under normal 
circumstances. The relative constancy of to- 


tal solute excretion during the development 
of pyrogen diuresis and the presence of 
marked hyposmolarity of the urine at peak 
flow eliminate an increase in glomerular filtra-} 
tion rate as the important factor accounting] 
for increased urine flow associated with pyro- 
gens. Tubular responsiveness to ADH is 
altered by pyrogen whether this is given be- 
fore or after the pituitary hormone. Appar- 
ently pyrogens inhibit ADH and alter tubular 
handling of water by a specific effect within 
the kidney for systemic effects of pitressin 
are evident when given in large doses. His- 
tological evidence of cloudy swelling confined 
to the distal tubule has been reported in 
guinea pigs after large doses of pyrogen(4).- 
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Whether these histological changes can be 
correlated with biochemical changes and the 
alterations of tubular function induced by 
pyrogens remains to be seen. Pyrogen may 
prove to be a useful tool in elucidating some 
of the problems presented by diabetes insipi- 
dus, and the normal ability to elaborate dilute 
or concentrated urine. 


Summary and conclusions. 1. In the dog 
a single large intravenous dose of pyrogen 
completely abolished the renal response to 
antidiuretic hormone whether it was given 
before or after the pituitary hormone. 2. 
No permanent alterations of concentrating or 
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diluting function of the kidney could be dem- 
onstrated for the doses of pyrogen used. 


The authors wish to express their thanks to Audrey 
Jones and Mary Bianchi for technical assistance. 
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Hexosaminest are widely distributed 
throughout all tissues of the body(1), and ex- 
ist almost entirely as components of muco- 
proteins, nucleic acids and mucopolysac- 
charides. To study the manner in which the 
body utilizes glucosamine, the free compound 
was administered intravenously to rats and 
its rate of disappearance from blood and dis- 
tribution in body tissues studied. 

Methods. Male Sprague Dawley rats were 
individually caged, fed a stock diet(2) prior 
to the experiments, and permitted to drink 
water ad libitum. All rats were fasted 24 
hours before the start of the experiments. 
Using ether anesthesia, animals were ‘“‘hepa- 
tectomized” by ligating the hepatic artery and 
portal vein at the hilus of the liver and 
“nephrectomized” by ligating the renal ves- 
sels close to the hili of the kidneys. Unneu- 
tralized glucosamine-HCl (4% or 20% solu- 
tion) was injected intravenously in the ex- 
ternal jugular vein in a volume of 0.25 ml/ 


* Present address: Department of Laboratories, 
Norwalk Hospital, Norwalk, Conn. 

+ Natural occurring hexosamines are glucosamine 
and galactosamine. The method used here does not 
distinguish between these two amino sugars. 


100 g body wt at the completion of each op- 
eration, or when no operation was performed, 
at the start of an experiment. Tail blood 
samples were collected and mixed in spot 
plates with dry oxalate crystals prior to the 
injection of glucosamine and at various time 
intervals following the injection. In the tis- 
sue study, the rats were killed by exsanguina- 
tion under ether anesthesia, after obtaining a 
sample of tail blood. The tissue samples and 
whole blood samples from all experiments 
were hydrolyzed in 2N hydrochloric acid for 
15 hours at 100°C. Total body hexosamine 
was determined by hydrolyzing a whole rat 
in 6N hydrochloric acid for 5 hours at 100°C. 
Hexosamine was isolated from the diluted and 
filtered hydrolyzates using columns of Dow- 
ex-50, and determined colorimetrically by a 
modification of the method of Elson and Mor- 
gan(1). 

Results. Blood Hexosamine. In the first 
set of experiments glucosamine was injected 
intravenously and the rate of its disappear- 
ance from the blood was measured. Intact 
rats weighing 90-130 g were used as well as 
those in which the liver or kidneys had been 
excluded from the circulation by ligating their 
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FIG. 1. Rate of disappearance of intravenously 
administered glucosamine from blood of intact 
rats and rats with ligated hepatic or renal blood 
vessels. Dosage shown is in mg/100 g body wt. 
Curves are based on changes in total blood hexo- 
samine from observed pre-injection control values. 
Each curve represents a serial study on an indi- 
vidual rat. 


major vessels. In the first experiment intact 
rats were injected with 10 mg of glucosamine- 
HCI/100 g body wt. Assuming a normal 
blood volume of approximately 10% of body 
weight(2), this should have been sufficient to 
increase the blood hexosamine level 100 mg 
% above the normal blood level. All the data 
are presented relative to an initial control 
blood level (varied from 54-81 mg %) prior 
to the time of injection (Fig. 1). As can be 
seen, 95% or more of the injected hexosamine 
disappeared from the blood within the first 
10 minutes after injection. In the second ex- 
periment rats were injected with 50 mg of 
glucosamine-HC1/100 g body weight. This 
was sufficient to theoretically increase the 
blood levels 500 mg %. Again, over 90% of 
the injected hexosamine disappeared from the 
blood within the first 10 minutes and was en- 
tirely gone at the end of 160 minutes. In or- 
der to evaluate the possible role of the liver 
in removing hexosamine from the circulation, 
a group of “hepatectomized” rats were in- 
jected with 50 mg of glucosamine-HC1/100 g 
body wt. Most of these animals went into 
shock and died after 10-20 minutes, however, 
blood levels obtained as early as 10 minutes 
after the injection demonstrated that, again, 
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80-90% of the hexosamine had disappeared 
from the blood. In considering renal excre- 
tion as a factor, a group of ‘‘nephrectomized”’ 
rats were injected with 50 mg of glucosamine- 
HC1/100 g body wt. The values at 10-40 
minutes were in the same range as those ob- 
served in the similarly treated intact rats. 
The values did not return to normal at 80 
and 160 minutes as in the intact rats, but re- 
mained at approximately 25 mg %. The in- 
tact kidneys, therefore, were able to excrete 


re 


or destroy about 5% ( — x 100 ) of this ad- 
500 


ministered dose of hexosamine. 

Blood incubation. In view of the very 
rapid disappearance of hexosamine from the 
blood, incubation studies were carried out to 
see if blood itself was destroying the hexosa- 
mine. Recovery experiments were run in 
which glucosamine-HCl had been added to 
fresh defibrinated whole blood. The mix- 
tures were incubated at 37°C for 10 minutes, 
and hexosamine determinations made. All of 
the added hexosamine was recovered, indicat- 
ing no evident destruction in the short period 
of time that it takes for the body to remove 
hexosamine from the blood. 

Distribution in tissues. In order to study 
the fate of intravenously injected glucosa- 
mine in tissues, two 120 g rats were used, a 
control rat and one which was injected with 
45 mg of glucosamine-HCl. A tail blood sam- 
ple was obtained 11 minutes after the injec- 
tion. Both rats were sacrificed by exsanguin- 
ation, the injected rat, 18 minutes after the 
injection. Most of the major tissues and or- 
gans were sampled and their hexosamine con- 
centrations determined. The concentration of 
hexosamine in a given tissue is ordinarily very 
constant from rat to rat.+ As can be seen in 
Table I, the concentration increased in every 
tissue examined. Donaldson’s data(3) on body 
composition of the rat were used to estimate 
the distribution of the administered dose of 
hexosamine. All of the tissues studied repre- 
sented approximately 75% of the total body 


} This has been true in all tissues which have been 
studied in groups of animals. £.g. whole blood 68 
= 4 mg/100 ml; liver 64 + 5 mg/100 g; total carcass 
(98 ¢ rats) 79 + 5 mg/100 g. 
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TABLE I. Distribution of Hexosamine in Tissues after Intravenous Injection in Rat. 


Administered 
-—— Hexosamine, mg/100 g—, glucosamine 
% of To dis- 
Tissue body wt* Control Injected Change Totalmgt  tributien 

Skeletal muscle 41.0 23 35 +12 5.9 12.8 
Blood 7.0 73 103 +36 3.0 6.5 
Loose connective tissue 15.0f 88 122 +34 6.1 13.2 
Liver 6.0 (al 121 +50 3.6 7.8 
Brain le 79 88 + 9 a) 4 
Testes 1.3 45 50 + 5 ms 2 
Stomach and intestines 1.2 127 179 +52 6 1.3 
Kidneys 1.0 122 194 +72 aff 1.6 
Lung .6 93 1i1 +18 mal 2 
Spleen 3 67 75 + 8 .03 ait 
Total 75.1 20.33 44.1 


* Based on data of Donaldson (3). 
+ Estimated. 


$ Total mg = (Change, mg/100 g) X (body wt) & (% of body wt). 


weight. The integument and bones, which 
were not examined, constituted the remaining 
25%. The kidneys, intestines and liver dem- 
onstrated the greatest increase in concentra- 
tion. In terms of total distribution, however, 
the largest amount of the administered dose 
went to loose connective tissue (13.2%), 
muscle (12.8%), liver (7.8%), and blood 
(6.5%). Only 44% of the administered dose 
could be accounted for by the tissues exam- 
ined. 

Recovery of hexosamine from carcass. To 
determine whether or not the body destroyed 
free hexosamine, total carcass analyses of 
hexosamine were carried out on groups of 65- 
90 g intact rats which had received intraven- 
ous injections of 50 mg of glucosamine-HCl/ 
100 g body wt. There were 6 rats in each 
group. The rats which received glucosamine 
were killed with ether at 20, 80 and 320 min- 
utes following the injection. The excreta were 
collected and added to the rat prior to hy- 
drolysis of the whole animal. The total body 
hexosamine values of the injected rats were 
compared with those of an uninjected group. 
The recovery of hexosamine from the injected 
group was compared with the recovery of glu- 
cosamine which had been run through the 
whole procedure separately. The mean re- 
covery values for hexosamine from the in- 
jected rats after 20, 80, and 320 minutes were 
7d ATG, 39. 11%, “and 329 78 rex 
spectively. It was thus evident that after one 
hour, over 50% of an injected dose of hexosa- 


mine could be destroyed in the body. This 
could in part be explained by the instability 
of glucosamine under neutral pH conditions 
(Table IL). Three 20% solutions of glu- 
cosamine-HCl were permitted to stand for 
varying lengths of time at room temperature 
at different pH conditions. The glucosamine 
was shown to be stable at acid pH but was 
slowly destroyed under neutral or alkaline pH 
conditions. On the basis of this data, one 
would not expect a 10 minute incubation of 
glucosamine with blood to effect any detect- 
able destruction. 


Discussion. When free glucosamine is ad- 
ministered to the rat intravenously it disap- 
pears very rapidly from the blood. It has 
been demonstrated that glucosamine given 
either intravenously or subcutaneously to rab- 
bits will appear in the urine(4,6). It would 
appear, however, that this represents only a 
small fraction of the total administered dose, 
since this rapid disappearance also occurs in 
rats with ligated renal vessels. Intravenously 
administered glucosamine appears to distrib- 
ute itself in large part in those tissues which 
are rich in extra-cellular fluid (muscle, and 


TABLE II. Effect of pH on Stability of Gluco- 
samine-HCl. 


Destruction (%) 


pH 2 hr 3 hr 24 hr 

2.9 0 Be Rites: 
7.4 al 13 40 

8.6 11 45 


HISTAMINE-ANTIHISTAMINE ANTAGONISM IN MICE 


connective tissue), but with the greatest con- 
centration increases appearing in liver, kid- 
ney and in the intestines, a finding in agree- 
ment with the observations of Kawabe(6). 
Many of these earlier studies on the fate of 
parenterally administered glucosamine, how- 
ever, are difficult to interpret because of the 
non-specificity of the hexosamine methods 
used(4,6). The liver did not seem to play a 
significant role in explaining the rapid disap- 
pearance of hexosamine from the blood, in 
the work reported here, since the blood levels 
were essentially the same in intact animals, 
as in those in which the liver was excluded 
from the circulation. 


Analyses of total carcasses following the 
injection of glucosamine clearly demonstrated 
that as much as 50% of the administered dose 
may be destroyed within 1 hour of injection. 
This may be partly explained on the basis of 
instability of glucosamine at neutral body pH. 

Summary. 1. Following the intravenous 
administration of glucosamine-HC] to the rat, 
80-90% disappears from the blood within the 
first 10 minutes, in intact animals, as well as 
those in which the liver or kidneys have been 
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excluded from the general circulation. 2. No 
destruction is evident when glucosamine is in- 
cubated with whole blood for 10 minutes. 
Glucosamine is destroyed, however, under 
neutral or alkaline pH conditions after a more 
prolonged period of time. 3. Intravenously 
administered glucosamine-HCl becomes rap- 
idly distributed in all tissues of the body, with 
the greatest concentration increases appearing 
in the kidneys, liver, and intestines. In total 
amount, however, most of the administered 
dose is found in muscle, connective tissue, 
blood and liver. 4. Approximately 50% of 
intravenously administered glucosamine-HCl 
is destroyed in the body in a period of less 
than 1 hour. 


1. Boas, N. F., J. Biol. Chem., 1953, v204, 553. 

2. Boas, N. F., and Peterman, A. F., Proc. Soc. Exp. 
Brox. anp Mep., 1953, v82, 19. 

3. Donaldson, H. H., The Rat, Data and Reference 
Tables, Memoirs of the Wistar Institute of Anatomy 
and Biology, No. 6, Philadelphia, 1924. 

4. Fabian, E., Z. f. Phys. Chem., 1899, v27, 167. 

5. Kawabe, K., J. Bioch. (Japan) 1934, v20, 293. 

6. , ibid., 1934, v20, 243. 


Received November 22, 1954. P.S.E.B.M., 1955, v88. 


Toxicity of Histamine and Antagonism between Histamine and Antihista- 


mines in Various Strains of Mice. 


(21618) 


J. L. Amerus, P. S. Gutn, S. Gorpstre1n, M. E. GoLpBerc, AND J. W. E. HARRISSON. 
(Introduced by J. M. Coon.) ‘ 


From the LaWall Memorial Laboratory of Pharmacology and Biochemistry, Philadelphia College 
of Pharmacy and Science. 


Several authors have reported that anti- 
histamines do not protect mice against the 
toxic effects of histamine and may even show 
synergistic action(1-3). In a previous study 
(4) it has been shown that regarding the toxic 
and body temperature decreasing effects of 
histamine in mice, antihistamines may be 
synergists, antagonists or may have no effect, 
depending on doses and ways of administra- 
tion. In the latter study it was reported that 
5 mg/kg NN-Dimethyl-N’ (P-methoxy-ben- 
zyl)-N’-(2 pyridyl) ethylenediamine maleate 
(pyrilamine maleate, Neoantergan) protected 


mice against subcutaneous toxic doses of his- 
tamine. Deutsch and Loew(5) repeated the 
latter experiment using a similar schedule and 
found no protection. 

It appeared to be of interest to investigate 
the reasons for the discrepancy of the above 
results. Since different mouse strains and dif- 
ferent weight ranges were used in the two 
studies, the toxicity of histamine and antag- 
onism between histamine and antihistamines 
were investigated in various inbred and not 
inbred strains of mice. 


Materials and methods. Females of the 
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TABLE I. LD. of Subcutaneously Administered Histamine in Various Strains of Mice without 
and with Neoantergan Pretreatment. 
F ; Mase eT 3 z 
LD., hista- 
mine (base), 


LD., hista- mg/kg after 


No. mine (base), 5 mg/kg Jo 

Strain Sex Wt range annals mg/kg Neoantergan protection 
Swiss (ICR) 2543 220 230 1560 als 
7 Webster (Tac.)) 9 22 + 4 370 785 1328 + 69 
Idem fe) 30 + 5 110 899 1155 + 28 
DBA/2 Q 20 +5 44 1209 1634 + 35 
C,H /Jax. Q 23 +5 48 1523 1358 — ll 


following strains of mice were used: DBA/2, 
C3H/Jax, Swiss Webster (origin: Taconic 
farms). In addition, results obtained with 
Swiss (ICR) mice in the previous study (4) 
are included. Breeders of the latter strain 
were kindly supplied by Dr. T. Hauschka 
from his colony and were maintained in this 
laboratory. Histamine diphosphate U.S.P. 
was injected subcutaneously; doses reported 
are calculated to the base. Neoantergan* was 
injected subcutaneously 20 minutes preceding 
histamine. Animals were observed for 24 
hours following injection. Results reported 
are the composite of several experiments per- 
formed on different days. LDs5 ) was calcu- 
lated using the method of Behrens e¢ al.(6). 
This method was selected since the number of 
animals in the various groups as well as the 
spacing of doses was not equal. This was due 
to the dependence on breeding schedules and 
the limited number of animals of the desired 
strain, sex, and weight range available on any 
one day. 

Results. Results are summarized in Table 
I. It appears from these data that the higher 
the natural resistance of a mouse strain to 
histamine, the less protection is afforded by 
pretreatment with Neoantergan. In Swiss 
Webster mice, resistance increases with in- 
creasing age and weight. Accordingly, pro- 
tection by Neoantergan decreases. This is 
not due to higher Neoantergan requirement 
for antagonizing higher lethal doses of hista- 
mine, since higher doses of Neoantergan ac- 
tually showed synergism with histamine(4). 
Similarly, some synergism was observed be- 
tween histamine and antihistamines in the 


* Kindly supplied by Dr. R. Paul of Rhone Poulenc 
Co. 


most histamine resistant mice (C3H). The 
same relationship is evident if species of vari- 
ous sensitivity to histamine are compared. 
The highly histamine sensitive guinea pigs 
can be protected to the greatest extent, while 
in the histamine resistant mice and rats less 
protection is evidenced. When _ histamine 
sensitivity of mice is increased by adrenalec- 
tomy(7) or pertussis vaccinations(8-11), 
protection again occurs with antihistamines. 


Discussion. All these findings suggest that 
the toxicity of histamine in mice may be 
manifested through two different mechanisms. 
The action on one is antagonized by antihis- 
tamines. This is the mechanism which is less 
operative in naturally more histamine resis- 
tant strains. The effect on the other mech- 
anism is not affected by antihistamines. Loew 
(12) suggested previously that the synergism 
between the intravenous toxicity of histamine 
and antihistamines in mice may be due to the 
fact that acidity is an important factor in 
view of the high doses used. Deutsch and 
Loew(5) found no synergism when neutral- 
ized histamine diphosphate was employed. A 
double mechanism is also suggested by the 
data of Munoz, Schuschardt and Verwey(13- 
14) who found that in mice sensitized to his- 
tamine by adrenalectomy or pertussis vaccin- 
ation, a greater percentage of mice survived 
higher doses of histamine than those receiv- 
ing lower doses. The same authors noticed 
marked differences between various strains of 
mice in the extent of sensitization to hista- 
mine after adrenalectomy. Fink and Roth- 
lauf(15) compared the sensitivity of various 
strains of mice to a standard dose of hista- 
mine and to anaphylaxis. 


Summary. 1. Sensitivity to histamine of 
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four strains of mice has been compared. 2. 
Within one strain older and heavier mice ap- 
peared to be more resistant than younger and 
lighter ones. 3. The more histamine sensitive 
a strain or weight-range of mice proved to be, 
the more protection was observed by pretreat- 
ment with an antihistamine. 4. It is sug- 
gested that the toxicity of histamine in mice 
may be manifested through two different 
mechanisms. 
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Lipides of Chick Heart Fibroblasts. Effect of Vitamin B,. and Folic Acid.* 
(21619) 


BENJAMIN W. GRUNBAUM, FREDERICK L. SCHAFFER,t AND Pau L. Kirk. 
(Introduced by F. W. Allen.) 


From Department of Biochemistry, University of California, Berkeley. 


Tissues cultured in vitro deteriorate in the 
presence of old medium, or after prolonged 
existence without being subcultured. One of 
the first symptoms of this deterioration is the 
formation of fat globules in the cytoplasm. 
In the phenomena associated with deteriora- 
tion with age, a quantitative study of fat 
metabolism of tissues showing this effect 
seemed desirable. The authors have previ- 
ously(1) described a method for fractionation 
of 0.2 to 1 mg amounts of Earle’s strain L 
cells. In the work presented here, that meth- 
od was used for the study of the effect of vit. 
B,2 and folic acid upon the lipides of chick 
heart tissue cultured im vitro. 


* This investigation supported by grants from the 
National Cancer Institute of the National Institute 
of Health, U. S. Public Health Service, and the Uni- 
versity of California Committee on Research. 

+ Present address: Virus Laboratory, University of 
California, Berkeley. 


Methods and procedure. Methods and 
procedure detailed previously(1) for fraction- 
ation of tissue and subsequent quantitative 
analysis were followed. The technic of cultur- 
ing chick embryo heart was similar to that 
described by Signorotti et al.(2). All the 
media mentioned are described elsewhere(3) 
in detail. Hearts of 11%4-day-old chick em- 
bryos were cut into 16 approximately equal 
pieces which were implanted into 4 roller 
tubes, 4 fragments to the tube. The frag- 
ments were embedded in 0.2 ml of 20% 
chicken plasma and appropriate medium add- 
ed. Incubation was carried out in a rotor in 
the conventional manner. Separation of Out- 
growth from Explant. Because of the dif- 
ficulty in obtaining a “pure” outgrowth, the 
whole culture(4), including explants and clot 
are often used for quantitative chemical 
analysis of tissue culture. A substantial un- 
certainty is thus admittedly introduced. A 
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TABLE I. Effect of Vit. B,. and Folic Acid on Total Nitrogen and Relationship of Total 
Fatty Acids to Lipide Phosphorus. 


Exp. 1 Exp. 2 Exp. 3 
Medium* uMFA/uMPt yN uMFA/uMPt yN pMFA/uMPt yN 
Standard 1.95 35 2.09 58 2.18 14 
Standard + folie acid 1.95 4] 1.84 SH 1.80 58 
Standard + Vit. B,, 1.80 45 1.81 87 1.93 62 
Standard + folic acid 1.80 46 1.86 89 1.85 69 


& Vit. Bis 


* A standard medium consisting of 20% embryo extract (1:1 dilution embryo juice and 
Tyrode’s solution), 40% horse serum, and 40% Tyrode’s solution, gave dense growth charac- 


terized by spindle shaped and clear cells. 
t uM fatty acids/uM phosphorus. 


procedure for separation of outgrowth from 
tissue implanted, was developed as detailed 
below. The liquid medium was removed and 
clot washed with 0.9% saline and drained. 
With a simple hoe-shaped tool made of 2 mm 
stainless steel wire, the explant was excised 
and removed. The remaining tissue and clot 
were drawn together and separated from the 
glass. A few milliliters of saline were added, 
shaken lightly and the entire contents trans- 
ferred to a 15 ml centrifuge tube. Pooled 
outgrowths, usually from 6 cultures were cen- 
trifuged, the saline decanted and 0.025% 
trypsin in Tyrode’s solution added. Trypsin 
treatment was added to the procedure to dis- 
solve the clot and other sources of extraneous 
nitrogen such as dead cells and cellular debris. 
Trypsin treatment was carried out with stir- 
ring by a magnetic stirrer for 2 hours at 
37°C at pH 7.8-8.0. The remaining pellet of 
outgrowth fibroblast cells was washed twice 
with saline and prepared for analysis as pre- 
viously described for strain L cells(1). 

Results. Preliminary experiments indicated 
that vit. B;. and folic acid exerted a definite 
effect on growth of cultures. Accordingly, 
stock solutions of these materials were made 
in Tyrode’s solution and added to cultures at 
a final level of 0.4 »g/1 ml of medium. Three 
sets of similar experiments were made, the re- 
sults of which are shown in Tables I and II, 
along with comparative values for chick heart 
tissue at the time of excision, with and with- 
out trypsin treatment, and for 6-day-old ex- 
plants. 

Each value in Table I represents total ni- 
trogen of 24 individual pieces of tissue, ob- 
tained by pooling tissue outgrowths in 6 roller 


tubes, to minimize errors in cutting and varia- 
tions in amounts of outgrowth. Radial out- 
growth with standard medium in Exp. 2 was 
the same as that of vitamin treated tissues, 
but was markedly less dense, as reflected by 
low nitrogen value. In all cases, cultures in 
standard medium served as controls with 
which the treated tissues were compared. Al- 
though considerable variability among ex- 
periments was noted, within each experiment 
higher nitrogen values were observed in those 
cultures treated with both vitamins. This is 
taken as indication of growth stimulation by 
vitamins. In Table I, the relation of fatty 
acid to phosphorus is presented independently 
of nitrogen. Rather constant values were ob- 
served for vitamin treated tissues, with con- 
sistently higher values for controls. 

In Table II are shown comparative values 
for lipide content of cultured chick embryo 
heart tissue and a comparison with values ob- 
tained from freshly excised untreated heart 


TABLE II. Comparative Mean Values for Lipide 
Content of Chick Embryo Heart Tissue. 


Fatty M fatty 
acid,  LipideP, _ acid 
Type of tissue uM/mgN pM/mgN yp~MP 
1 4.17 2.00 2.07 
F treated with 3.01 1.62 1.86 
folie acid 
F treated with 3.11 1.68 1.83 
Vitae 
Idem & folie acid 2.49 1,32 1.84 
Freshly cut chick 2.55 1.36 1.84 
embryo heart 
11.5 days old 
Idem, trypsin 2.64 1.45 1.80 


treated 
*  — Fibroblasts. 
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FIG. 1. Eight-day-old fibroblasts from chick embryo heart grown on standard medium. Phase 
microscope photograph (Xx 180). 


tissue, and that treated with trypsin. Addi- 
tion of vit. By. and folic acid resulted in 
considerable reduction in both fatty acids and 
phospholipide phosphorus relative to nitrogen 
content. The similarity of amount of lipides 
in tissues grown in media containing the two 
vitamins to that in original tissue suggests a 
role of the vitamins in maintaining relative 
lipide content of original embryonic tissue. 
The fact that control and treated tissues were 
both healthy in appearance and showed cell 
division may be related to the approximate 
constancy of ratio of fatty acids to phospho- 
lipide phosphorus, shown in Table I. It is 
not clear whether the slightly higher values 
for tissue grown in standard medium are to 
be considered as abnormal, but addition of 
an older horse serum to the medium or ex- 
cision after more than 6 days led to still 
higher ratio of about 2.8. In comparison with 
the ratio with vitamin treated tissues, a value 
of 2.8 appears to be definitely abnormal. 
Effect of Vit. By. and Folic Acid on Aging 
Tissue. Fig. 1 shows an 8-day-old control cul- 
ture which has deteriorated with rounding of 
the cells and extensive fat accumulation. In 


* 


Fig. 2 is shown a culture of identical age and 
culture conditions except that vit. By. and 
folic acid were added to the medium. During 
the first 3 days, growth of the control (Fig. 1) 
appeared to be more rapid than that of 
treated tissue (Fig. 2). On the fourth day 
no difference between the cultures could be 
observed, after which treated tissue continued 
to grow normally and the control developed 
degenerated condition associated with old cul- 
tures. The culture shown in Fig. 2 survived 
for several additional days after it was photo- 
graphed. 

Fat accumulation has long been associated 
with degenerative changes that occur in old 
cultures. Results presented here indicate that 
a definite relation exists between fat accumu- 
lation and degeneration and death of the cells, 
because when accumulation is prevented by 
vitamins, the other aspects of degeneration 
also do not occur. 

Discussion. The apparent effect of vit. Byo 
and folic acid was to increase the amount of 
metabolizing tissue by a stimulation of protein 
synthesis accompanied by a decreased rela- 
tive lipide content. 
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The ratio of fatty acid to phospholipide 
phosphorus in growing tissue, which remained 
constant at about 2:1, seems to indicate that 
lipides were almost entirely phospholipides. 
Maintenance of this ratio coincided with the 
period of normal, rapid growth and mitosis of 
chick heart fibroblasts. The ratio changed 
rapidly soon after maximum area was at- 
tained by the culture. When embryonic chick 
heart tissue was grown for one or more days 
longer than those reported above, the ratio of 
fatty acid to phospholipide phosphorus _in- 
creased, indicating an increase in neutral fat. 
Efforts to study the chemical changes in the 
cells of a degenerating culture were not 
wholly successful because no adequate evalua- 
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> 
FIG. 2. Hight-day-old fibroblasts from chick embryo heart grown on standard medium plus 
vitamin B,, and folic acid. Phase microscope photograph (Xx 180). 


tion could be made of the amount of metabo- 
lizing tissue. Trypsin treatment followed by 
centrifuging led to formation of a laver com- 
posed largely of neutral fat on top, and a 
layer of tissue cells on the bottom of the solu- 
tion. The bottom layer showed analyses simi- 
lar to explant tissue but probably did not in- 
clude rapidly degenerating cells, which may 
not have been trypsin resistant. Further ef- 
forts to study this question were currently 
discontinued. 

The experiment illustrated in Fig. 1 and 2 
shows that addition of vit. B;» and folic acid 
prevented deterioration of cultures for the 
time interval studied. It is postulated that 
they delayed aging phenomenon by stimulat- 
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ing protein synthesis and preventing de- 
ficiencies in mechanisms involved in fat 
metabolism. 

Definite interpretation of results of studies 
on metabolism of tissue is almost impossible 
at present because of the complex materials 
employed such as plasma, serum, and embryo 
extract. In contrast, advances in the study 
of metabolism by means of bacteria have been 
made more readily because cultures were pure 
and synthetic media were used. The work 
presented in this study is an approach to 
studies which may lead to a better under- 
standing of aging phenomena of tissue in vitro 
and in vivo. 

Summary. 1. A study of amount and na- 
ture of lipides that accumulate in “old” cul- 
tures of chick heart fibroblasts was made, 
along with the effect of vit. By2 and folic acid 
on the accumulation. 2. Vit. By and folic 
acid in the medium prevented accumulation 
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of fat and apparently stimulated growth of 
the culture. Normal controls, freshly excised 
tissue, and vitamin treated cultures were es- 
sentially free of neutral fat as indicated by 
constancy of ratio of fatty acids to phospho- 
lipide phosphorus. In degenerating cultures 
this ratio increased rapidly in the absence of 
added vitamins. 
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Hydrocephalus has been observed in infant 
rats as a result of a maternal deficiency of 
folic acid(1,2) and of vit. By2(3).  Histo- 
logical examination(4) has revealed that the 
hydrocephalus was associated with an ab- 
normal cerebral aqueduct which in some cases 
was occluded at birth and in all cases was ab- 
normal in size and shape. In a series of em- 
bryonic brains from vit. By deficient dams, 
the group of columnar ependymal cells nor- 
mally found in the roof of the cerebral aque- 
duct and third ventricle was completely or 
partially missing(5). Thus, it is apparent 


* Published with approval of Director of Missouri 
Agric. Exp. Station, Journal Series No. 1468. This 
investigation supported in part by a grant from the 
National Institutes of Health, U. S. Public Health 
Service. 

t This is a portion of thesis to be submitted to 
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that a maternal deficiency of vit. By. inter- 
feres with the development of the fetal brain, 
and this may be related to nucleic acid 
metabolism since the nucleic acid composition 
of tissue has been shown to be affected by a 
deficiency of vit. Biz. The pentose nucleic 
acid content of the livers of weanling and of 
adult rats is decreased as shown by chemical 
(6,7) and cytochemical (8-10) methods. 

A study was made of the nucleic acid com- 
position of tissues from newborn rats pro- 
duced by deficient dams. The composition 
of brain. tissue received major attention, but 
for comparative purposes liver tissue was also 
analyzed. The brain tissue from the vit. Bis 
deficient offspring contained more nuclei as 
well as more deoxypentose nucleic acid 
(DNA) per gram than tissue from the con- 
trols so that the amount of DNA per nucleus 
was unchanged. The pentose nucleic acid 
(PNA) per cell was less in brain tissue from 
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deficient animals, but the difference in liver 
tissue was not significant. 


Methods. Female rats were depleted of 
vit. Bj. by maintaining them from weaning 
to maturity on a vit. By» deficient ration(11), 
of the following percentage composition: soy- 
bean oil meal 70, cerelose 22, lard 4, and salts 
mixture(1) 4. The following vitamins? were 
added per kilo of ration: thiamine HCl 16 mg, 
riboflavin 16 mg, calcium pantothenate 40 
mg, pyridoxine HCl 16 mg, choline chloride 
1 g, biotin 0.2 mg, folic acid 5 mg, alpha- 
tocopherol 30 mg, 2-methyl-1, 4-naphtho- 
quinone 10 mg, vit. A 20,000 I.U. and vit. D 
2,850 I.U. The offspring of dams fed the 
basal ration supplemented with 30 pg of vit. 
By. per kilo were used as controls. The ex- 
perimental animals for nucleic acid analysis 
were selected from litters which had at least 
one case of hydrocephalus in the same litter 
or in a previous litter. After decapitation, 
the brain or liver was quickly excised, 
chilled on cracked ice, blotted free of 
excess moisture, and weighed. A 5% homo- 
genate of the tissue was prepared using cold 
0.1 M citric acid and a chilled glass homoge- 
nizer(12). The number of nuclei in the 
homogenate was determined by use of a. leu- 
cocyte diluting pipette and a hemocytometer. 
The diluting fluid was 0.1% toluidine blue in 
3% acetic acid. The proteins were precipi- 
tated from the cold homogenate by the addi- 
tion of cold trichloroacetic acid to give a final 
concentration of 8%, and the nucleic acids 
were extracted by the method of Schneider 
(13). DNA was determined by the dipheny]l- 
amine method of Seibert(14), and PNA by 
the method of Albaum and Umbreit(15). 
Commercial DNAS (N = 1.62%; P= 9.5%; 
Ei% = 226) and commercial PNAIl*(E1% — 
232; ribose = 19.6% using a ribose standard 
(15)) were used as standards. Blood urea 
nitrogen was determined by the method of 
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Barker(16) and glucose by the method of 
Nelson(17). Liver glycogen was isolated by 
the procedure of Good e¢ al.(18), and deter- 
mined as glucose by the method of Nelson 
Clays 

Results. The effectiveness of the depletion 
achieved in the experimental animals used in 
this study is attested by the occurrence of 
hydrocephalus in a high percentage of the lit- 
ters and by other gross symptoms. Usually 
the offspring failed to survive more than 2 or 
3 days, and before death exhibited the gross 
symptoms of dyspnea, cyanosis, weakness and 
emaciation. Schultze(19) described similar 
symptoms associated with acute uremia in 
newborn rats from vit. By,. deficient dams. 
Although the newborn animals observed in 
this study had nursed, considerably less milk 
was present in their stomachs than was nor- 
mally found in the control animals. 

Besides the gross symptoms, determinations 
of blood urea, blood glucose and liver glyco- 
gen were also used as criteria that a vit. Bys 
deficiency existed in the newborn rats pro- 
duced under the experimental conditions. 
The results of these determinations are given 
in Table I. The blood urea nitrogen of vit. 
B,o-deficient animals 36-72 hours of age was 
almost 3 times the average value obtained on 
controls of the same age. There was not a 
significant difference in the blood glucose con- 
centration between the deficient and control 
groups, but the average liver glycogen of the 
vit. By,» deficient animals was about one-fifth 
that of the controls. 

The effect of a vit. By» deficiency in the 
maternal diet on the nucleic acids of the brain 
and liver is shown in Table II. The average 


TABLE I. Blood Urea Nitrogen, Blood Glucose 
and Liver Glycogen of Newborn Rats.* 


Blood urea Blood Liver 
Supple- nitrogen glucose glycogen 
ment (mg/100 ml) (mg/100 ml) (%) 
0) 92.0 + 4.9 102 += 17 ABS) oan al 
(36) 4 (6) (6) 
Wittaeisre 36.3 = 3.3 88+ 4 2.02 + .24 
(16) (8) (6) 


*Urea nitrogen was determined on animals 36- 
72 hr of age; glucose and glycogen on animals 24 
hr of age. 

+ Stand. error of mean. 

¢ No. of animals analyzed shown in parentheses. 
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TABLE II. Effect of a Maternal Deficiency of Vitamin B,. on the Nucleic Acid Content of 
Brains and Livers from Newborn Rats.* 


8S8Ss——=—o0aoasSsSaS9ama9a>nm»samanmn@>S$ 999mm SSS 


% DNA — PNA —_, 
; Tissue Nueclei/g Per g Per nucleus Per g Per nucleus 
Supplement wt (mg) Cxal03) (mg) (ng 107°) (ng) (mg 107°) 
Brain icles Leah 
DF 167 (23)t 53802172 412+ .11 ss car G2 PANE a lll 5.6 + .2 
BVlitramt eres 203 (20) 468+ 6 3.96 + .06 (all se all 3.28 + .07 (are 
P<.01$ P< 0il P>.05 P<.05 I< (Vl 
Liver 
0. 210 (15) 671 + 22 5.27 = .19 CQ se QD Se p28 AG eee) 
Nantes IBIS 255 (14) Odvest= oil 4.89 + .22 fot S253 10.28 + .35 16.3 + 5 
P>.05 P>.05 P>.05 Ps.00 IANS) 


* Avg age of newborn animals for brain analyses was 20 hr and for liver analyses, 5 hr. 


+ No. of animals averaged in parentheses. 
¢ Stand. error of mean. 


§ P values indicate significance of the difference between groups with and without vit. B,» 


as determined by the ‘‘t’’ test of Fisher. 


age of the animals used for the brain analyses 
was 20 hours and for the liver analyses, 5 
hours. Some animals in the deficient group 
were hydrocephalic, but they did not differ 
significantly from their litter mates and were 
included in the average. A vit. By». deficiency 
increased the amount of DNA per gram of 
brain from 3.56 to 4.12 mg per gram. The 
number of nuclei per gram was also increased 
by the vit. By. deficiency, and as a conse- 
quence, the average amount of DNA per nu- 
cleus was the same for deficient and control 
groups. The amount of PNA per gram of 
brain and per nucleus was decreased by the 
vit. B,s deficiency. The difference between 
the amounts of PNA per gram of brain was 
not highly significant, but the amount per cell 
was 20% less in the deficient animals 
(P<0.01). There was no difference in the 
content of moisture and nitrogen in the brain 
tissue from the 2 groups: 88.1% and 87.8% 
moisture, 10.9% and 11.1% nitrogen (dry 
basis) for experimental and control groups, 
respectively. 

In the liver tissue, there also tended to be 
a higher DNA and a lower PNA content in 
the case of vit. Bys-deficient animals, but 
these differences were not statistically sig- 
nificant. The calculated amount of PNA per 
nucleus was less (P<0.05) in deficient 
animals but the difference was so small that 
it probably has little biological significance. 
The percentages of tissue nitrogen and mois- 
ture did not differ significantly. 


Discussion. Liener and Schultze(20) sug- 
gested that the high blood urea which they 
observed in vit. By. deficient newborn rats 
might result from defective protein anabolism. 
Perdue and Phillips(21) found high blood 
urea to be associated with starvation and de- 
hydration in the newborn deficient rat. The 
possibility that defective carbohydrate metab- 
olism is implicated in the high blood urea ob- 
served in the vit. By deficient rat should not 
be overlooked. The low liver glycogen ob- 
served in this study as well as the poor glu- 
cose tolerance observed in adult rats(22) sug- 
gests a defect in glycogenesis. 

The increased concentration of DNA per 
gram of brain tissue observed in this study is 
the result of an increased number of cells per 
gram of tissue. The content of DNA per 
nucleus was not changed by a deficiency of 
vit. By». This observation confirms the con- 
cept that within a species the DNA per nu- 
cleus remains constant even when the animal 
is under stress(23). It appears then that the 
mass of the average brain cell in the vit. Bye 
deficient offspring is smaller than in the con- 
trols. Interpretation of this observation at 
the cellular level is difficult because of the 
heterogeneous nature of brain tissue. It may 
be that all of the brain cells are smaller in 
mass, or there may be a high proportion of 
cells with a small mass. An increase in the 
number of nuclei per gram of brain tissue 
would result from an increased proportion of 
glial cells. Globus(24) reported that gliosis 
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was the major causative agent of hydro- 
cephalus in the human cases he observed. 
Thus, a proliferation of glial cells might fur- 
nish a plausible explanation for the closure of 
the cerebral aqueduct in the hydrocephalic 
rat brain. The absence of secretory cells in 
the roof of the cerebral aqueduct has been 
suggested as the cause of hydrocephalus in 
the vit. B,. deficient rat(5), but the possi- 
bility remains that gliosis is a causative fac- 
tor. 


The increased content of DNA and of 
nuclei per gram of tissue is probably peculiar 
to brain inasmuch as the differences in liver 
tissue were not significant. The observation 
that the PNA per cell decreased in the brain 
of the deficient animals agrees with the cyto- 
chemical observations of Alexander and Back- 
lar(10) that vit. By. administration increased 
the concentration of PNA in spinal cord and 
cervical sympathetic ganglia but had no ef- 
fect on the DNA content of the nuclei. By 
use of a chemical assay Seigel and Worley 
(9) observed a 10% lower PNA content in 
the livers of immature rats from dams fed a 
vit. By. deficient diet. Liver and pancreas 
tissue from the deficient rats showed a 
marked loss of cytoplasmic basophilia. Using 
growing rats depleted of vit. Bis by feeding 
iodinated casein for a period of 4 weeks, Rose 
and Schweigert(6) found a lower concentra- 
tion of both DNA and PNA per gram of 
liver in the deficient animals but no differ- 
ence in the concentration per cell. These re- 
ports as well as the observations presented 
here show that a deficiency of vit. By. does 
not affect the DNA content of the nucleus. 
There is reasonably good agreement that the 
PNA concentration in nerve cells is decreased 
but the effect on liver tissue is not marked. 


Summary. Offspring of vit. By» deficient 
rats usually died within a period of 2 to 3 
days, but before death they had a high blood 
urea and low liver glycogen. At an age of 
about 1 day, the deoxypentose nucleic acid 
concentration per gram of brain tissue was 
higher than normal and this was associated 
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with an increased number of nuclei so that 
the DNA concentration per nucleus was un- 
changed. The pentose nucleic acid concen- 
tration per cell was lower in brain tissue from 
deficient offspring, but there was little change 
in liver tissue. 
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Artemia is the brine shrimp which nor- 
mally lays eggs in brackish water. The egg is 
provided with a capsule within which develop- 
ment can proceed to the larval stage, which 
hatches by splitting the shell and emerging. 
The brackish ponds in which such eggs are 
laid generally dry up, and the eggs left in 
great masses on shores. Development with- 
in the capsule proceeds to the blastula stage 
and then, if the capsule is dehydrated, devel- 
opment is suspended until such time as the 
embryo may again be found in a saline en- 
vironment. For convenience these blastulae 
in suspended development will be referred to 
as “eggs.” Such encapsulated eggs survive 
15 years or more, then continue development 
and emerge from their capsules as larvae in 
18-24 hours when immersed in salt or sea 
water at 23-25° C. It must not be presumed, 
however, that development is always suspend- 
ed at exactly the same stage of early develop- 
ment, as is attested by the fact that some 
“eggs” will hatch at 18 and some at 24 hours 
after hydration has begun. There is a 6 
hour disparity in normal hatching time for 
any batch of “eggs.” That increased water 
content in seeds corresponds directly with in- 
creased radiosensitivity has been demonstrat- 
ed by Caldecott(1). Moss(2) observed less- 
ened radiosensitivity in microorganisms rela- 
tive to their lessened water content, and Good- 
rich(3) using grasshopper eggs, found cer- 
tain stages of development protected and 
other stages adversely affected by partial de- 
hydration during exposure to x-rays. It is 
known that x-irradiation alters the water bal- 


ance(4-5). Artemia “eggs” have been used 
in research(6) but never in x-irradiation 
studies. 


Materials and method. In the following 
experiments, exactly 24 and 48 hours after 
Artemia eggs were placed in sea water, sam- 


* Working under contract of the Atomic Energy 
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ples of experimental and control batches were 
removed and immediately fixed in 10% for- 
malin in sea water. The flasks containing 
eggs were thoroughly shaken to insure homo- 
geneity of the suspension. Four cubic cm of 
suspension were added to 10 cc of 10% 
formalin and thoroughly mixed. Counts 
were made under a dissecting microscope in 
Syracuse dishes, the bottoms of which had 
been carefully ruled into 2 mm squares with 
a diamond point. Two samples were taken 
from each source, and 2 counts of at least 100 
eggs made for each sample. If any of the 4 
counts differed by more than 10% from the 
others, additional counts were taken until 
this inconsistency was eliminated. All per- 
centage values presented are based upon a 
total count of at least 400 eggs. Counting 
was relatively simple because capsules 
(shells) were not dissolved. Thus, in count- 
ing every shell one has an accurate count of 
the total number of embryos available. Then, 
in counting those which are hatched one can 
easily determine the percentage hatching. 
Motility was simply determined by counting 
hatched larvae exhibiting lateral appendages 
which make movement possible. Movement 
cannot occur without appendages, and in no 
instance in control cultures were appendages 
developed without the corollary of motility. 
X-irradiation was accomplished by alternate 
parallel tubes run at 184 KVP, 30 MA, at 
100 r per second in air. Eggs were placed in 
a plastic fly box midway between the tubes, 
and the draft of air from an electric fan was 
played on the dish to reduce heat conduction 
from tubes. Actually there was probably no 
heat factor whatsoever. Even though the out- 
put of x-ray source was 100 r/second, there 
was a considerable lapse of time for x-irradia- 
tion to the highest level of 600,000 r. Such 
an exposure took 1 hour and 40 minutes and 
was not, therefore, instantaneous. Hydration 
and development might well have progressed 
considerably in this lapse of time. Neverthe- 
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X-IRRADIATION OOSE 
FIG. 1. 


less, the following data seem to be of signifi- 
cance. 

Results. A. Radiosensitivity of dry and 
hydrated artemia eggs as determined by 
hatching and motility at 24 and at 48 hours. 
Artemia eggs were x-irradiated in the dry 
state and simultaneously others were x-ir- 
radiated immediately after placing in filtered 
sea water. In this wet series, 4 volumes of 
sea water were added per volume of eggs. X- 
irradiation at 100 r/second was extended to 
total doses ranging from 100,000 r to 600,000 
r. Following x-irradiation at each level, some 
eggs were removed and placed in filtered sea 
water so that the suspension was roughly 
0.1%. This allowed adequate hydration for 
development. Since any delay in hatching 
would extend the time for some eggs beyond 
the 24 hour time limit for control eggs, sam- 
ples were fixed at both 24 and 48 hours. 
(Fig. 1 and 2.) 

Control eggs showed 100% hatching and 
an almost equivalent (80%) motility value 
at 24 hours under conditions of temperature 
and hydration used. Similarly, dry eggs ex- 
posed to 100,000 r x-rays and then hydrated 
were unaffected, but at higher doses there 
was a decline in hatching percentage follow- 
ing 24 hours in sea water. The 50% hatch- 
ing value at 24 hours was 260,000 r, but 1.5% 
hatched at the very high level of 600,000 r. 
Motility percentages among these eggs were 
roughly 20% less than hatching percentages. 

At 48 hours following hydration of dry- 
irradiated eggs, hatching percentage had im- 
proved so that even after 300,000 r there was 
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100% hatching, and following 600,000 r, 
22% hatching. Thus, x-irradiation caused a 
definite delay in hatching. This is most ob- 
vious if one compares the curves. Since 100,- 
000 r to dry eggs allowed 100% hatching in 
24 hours and 300,000 r allowed a similar de- 
gree of hatching in 48 hours, one can say that 
an increase of 200,000 r caused a delay in 
hatching time of 24 hours. This figure can 
be checked in another manner, namely by de- 
termining the dose which will allow 50% to 
hatch at 24 and 48 hours. These values are 
260,000 r and 460,000 r, and the difference 
again is 200,000 r, although determined at a 
different level of the curve. 

Artemia eggs which were x-irradiated in 
the wet state (immediately after being placed 
in sea water) invariably indicated a dele- 
terious effect. At 24 hours, for instance, there 
was an average reduction in hatching of 20% 
as compared with eggs irradiated in the dry 
state. At 48 hours this disparity was even 
greater (i.€., 30%). Likewise, the 100% 
lethal dose in wet state was reduced to 500,- 
000 r or more than 100,000 r less than the 
100% lethal dose for dry eggs. (Fig. 3). 

With regard to motility (Fig. 4) which rep- 
resents a more advanced stage of develop- 
ment, and which may be a more sensitive in- 
dicator of prior damage, the disparity be- 
tween those x-irradiated in.dry and wet states 
is even greater than when hatching was used 
as end point. Since hatching and motility 
never approach the 100% value except in un- 
irradiated controls and at the lowest levels of 
x-irradiation, we have here two criteria rep- 
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resenting 2 stages of development which may 
be used as indices of radiosensitivity. Fur- 
ther, since at 48 hours the disparity is some- 
what greater than at 24 hours, we can say 
that there is a delay in achievement of mo- 
tility independent of any effect on hatching. 

A further factor in the results following x- 
irradiation in the wet as opposed to dry state 
is the approximation of hatching and motility 
curves (somewhat below the controls) in the 
wet state only (Fig. 1 and 2). In the dry 
state there is a wide differential between 
hatching and motility. This suggests that if 
eggs are x-irradiated in the wet state while 
development is in progress, there is an altera- 
tion of radiosensitivity adversely affecting the 
mechanisms involved in achieving motility. 

Many of the eggs x-irradiated in the dry 
state are sufficiently damaged to prevent their 
motility even though not their hatching. The 
mechanism for hatching must be less radio- 
sensitive than is the mechanism or mechan- 
isms necessary for movement. Hatching and 
motility represent 2 stages in development, 
and since motility occurs during a more ad- 
vanced stage it may be presumed to be a more 
complicated process than hatching. This is, 
of course, conjecture and is contrary to the 
thesis of Bergonie and Tribondeau(7) that 
radiosensitivity bears roughly an inverse re- 
lationship to the stage of development. 

Eggs x-irradiated in the wet state do not 
exhibit such a great disparity between»hatch- 
ing and motility. This suggests that if eggs 
which are x-irradiated while wet are still able 
to hatch, they are more apt to be normal and 
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hence motile. However, x-irradiation of eggs 
in the wet state is more deleterious to either 
process than is x-irradiation in the dry state. 
The differential in effect of radiation between 
hatching and motility processes is greater if 
eggs are x-irradiated while in the dry state. 


At the highest level of x-irradiation studied 
(7.e., 600,000 r) the difference in hatching re- 
sults between wet and dry states during ex- 
posure is 21% after 48 hours of hydration. 
The difference in radiosensitivity between wet 
and dry x-irradiated eggs, as measured by 
hatching percentage, is much greater at 48 
than at 24 hours. This may mean that eggs 
exposed in a certain stage of development will 
survive and hatch within the expected time, : 
but those in other, possibly more sensitive 
stages, will be staggered in their hatching 
time, and some will be prevented from hatch- 
ing altogether (Fig. 2). The data on motility 
show the same relationship, but the dispari- 
ties are not so great. There is roughly 100,- 
000 r difference between eggs radiated in wet 
and dry states when one compares motility 
values at 24 and 48 hours (Fig. 4). 


It is necessary to emphasize that x-irradia- 
tion at a rate of 6,000 r/min. required such a 
lapse of time for higher exposures of hydrat- 
ed eggs that normal metabolic or develop- 
mental processes which ensued might well 
have altered radiosensitivity. Those eggs in 
the wet state which were exposed to 600,000 
r were hydrated for a period of 100 minutes 
during exposure. This hydration no doubt 


initiated developmental and _ metabolic 
changes within the normal blastula. It would 
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be difficult to separate the factor for hydra- 
tion from that for development in such eggs 
unless equipment were available for instan- 
taneous x-irradiation at a very high level. 
Thus we cannot attribute hypersensitivity to 
surrounding the eggs with an aqueous film. 
This realization led us to x-irradiate eggs at 
various intervals after initiation of hydra- 
tion, and until just before the expected time 
of hatching of first eggs (7.e., 18 hours). 

B. Radiosensitivity of hydrated Artemia 
eggs at various times before hatching. In 
preliminary observations it was determined 
that 250,000 r to dry Artemia eggs would al- 
low approximately 50% to hatch and some 
30% to become motile after 48 hours hydra- 
tion. This level of exposure was then 
adopted as the standard dose for radiation to 
be used with eggs at various intervals of hy- 
dration, to compare with hatching and motil- 
ity of controls. Such an exposure required 40 
minutes and 40 seconds. This time interval 
was, therefore, the ‘““margin of error” with re- 
spect to an exact state of hydration. When 
one remembers that there is a disparity of 6 
hours in time of hatching in any batch of 
control eggs similarly hydrated, this suggests 
that there must be a fair range of variation in 
development in any group eggs at time of ex- 
posure. Nevertheless, it is believed that eggs 
had passed the blastula stage at the begin- 
ning of x-irradiation or hydration. Rate of 
irradiation was constant, and the data from 
such a study point up the relative sensitivity 
of various pre-hatching stages of the Artemia 
egg following exposure to x-radiations. Since 
100% hatching and 98% motility occurred in 
control eggs by 48 hours after hydration, this 
was taken as the terminal point of the experi- 
ment with which to compare the effects of x- 
irradiation. 

The graph (Fig. 5) which represents these 
data is quite suggestive. Control eggs, simi- 
larly hydrated but not x-rayed, showed essen- 
tially 100% hatching and motility by 48 
hours. Those that were x-irradiated to 250,- 
000 r showed maximum radiosensitivity (ex- 
pressed as failure to hatch) when x-irradia- 
tion was done 1 hour following hydration. In 
these there was 36% hatching. Hatching per- 
centages fluctuated among eggs irradiated at 


HypDRATION AND RADIOSENSITIVITY 


© HATCHING- CONTROLS 
A @ HATCHING-250,000r 
Z\ MOTILITY-CONTROLS 
A MOTILITY-250,000r 
T 2 3 4 5- a olan 
HOURS AFTER HYDRATION 
X-IRRADIATION TO 250,000r 


Pu Gaaos 


PER CENT HATCHING AND MOTILITY 
48 HOURS TOTAL HYDRATION 


intervals following hydration but those which 
had been hydrated 7 hours post irradiation 
showed a definite increase in radioresistance 
over those hydrated only 1 hour. This may 
be explained as follows: 1) Hydration en- 
courages or allows the egg to proceed in its 
development immediately, and this sudden 
revivification might well be the cause for the 
heightened radiosensitivity, in a manner simi- 
lar to that associated with accelerated 
metabolism. 2) X-irradiation might con- 
ceivably increase permeability of the egg cap- 
sule and contained blastula to sea water. 
Such an increase in permeability at a time 
when hydration is normally occurring might 
well adversely affect the embryo. 3) There 
is experimental support for the thesis that the 
blastula stage is most radiosensitive of all de- 
velopmental stages of an embryo(8). The 
dry Artemia egg is a blastula in a suspended 
state of development. Since development of 
the controls proceeds from the blastula to 
fully formed and motile larva in 48 hours 
after hydration at temperatures used, develop- 
ment is normally quite rapid. The data on 
motility of embryos x-irradiated at different 
intervals of hydration are shown in Fig. 5. 
Following an initial drop to 17% in those 
x-irradiated 1 hour following hydration, there 
was a distinct rise in motility percentages to 
termination of observation period at 7 hours. 
The general trend of the curve suggests that 
there is an initial post-hydration radiosensi- 
tivity followed by increasing radioresistance 
as development proceeds. This may reflect 
progressive radioresistance of the embryo 
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with its development as first suggested by 
Bergonie and Tribondeau (Fig. 5). 

C. Effect of delayed hydration following 
x-irradiation of dry eggs. Dry eggs were x- 
irradiated to various levels from 100,000 r to 
500,000 r and eggs from each dose level sepa- 
rated into two batches. One batch was hy- 
drated immediately and counts of hatching 
and motility made at 24 and at 48 hours. The 
other batch from each dose level was set aside 
at room temperature (about 23-25°C) for 1 
month and then hydrated in sea water. It 
was thought that possibly a delay in hydra- 
tion following x-irradiation might allow for 
some degree of recovery of embryos from ir- 
radiation damage. Curves of hatching and 
motility (Fig. 6, 7) for the 2 batches proved 
remarkably alike, particularly when compari- 
sons were made of eggs hydrated for 24 hours. 
Those that had been hydrated for the longer 
period of 48 hours showed a slight difference 
in curves, indicating greater damage in eggs 
which had had a month’s delay in hydration. 
Thus, there was no “recovery” but rather a 
more marked effect when hydration was de- 
layed one month. Data are presented in 
terms of hatching and motility at 24 and at 
48 hours, comparing eggs x-irradiated and hy- 
drated immediately with those x-irradiated 
and kept dry for one month (Fig. 7). Hydra- 
tion of these sets of eggs was simultaneous, 
and under identical conditions of light, tem- 
perature, and dilution. 

Delay in hydrating x-irradiated eggs 
caused a reduction of 21% in hatching at the 
very high dose of 500,000 r, while motility 
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showed a 39% reduction at the lower dose of 
200,000 r. The value for motility approached 
zero at 300,000 r and above, both for im- 
mediate and for 1 month series. 


Hydration for 48 hours gave slightly dif- 
ferent values. Hatching disparity between 
eggs hydrated immediately and with 1 month 
delay was 31% at 300,000 r and 18% at 
500,000 r. The latter figure is so close to 
zero that the disparity value may not be ac- 
curate. The disparity in motility data be- 
tween eggs hydrated immediately and those 
hydrated after a 1 month delay showed very 
little difference at 200,000 r, but at 300,000 r 
they differed by 54%. Both approached zero 
at 500,000 r. Thus maximum disparity was 
at 300,000 r following 48 hours of hydration. 
In every comparison, however, the delay in 
hydration for 1 month was detrimental to 
either hatching or motility values. 


Summary and conclusions. 1. Artemia 
“eggs,” essentially in the blastula stage in sus- 
pended development, can tolerate about 200,- 
000 r more x-radiation in the dry than in the 
wet state, if criteria of hatching and motility 
after 48 hours hydration are considered. 
2. The disparity between hatching and motil- 
ity curves is greater in dry than in hydrated 
eggs following x-irradiation. Requirements 
for hatching must be less radiosensitive than 
those for motility, since’ there was always a 
disparity between these 2 steps in develop- 
ment. It is probable that hydrated eggs are 
so radiosensitive that only the hardiest sur- 
vive, and these reach motility. 3. Hydrated 
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eggs are variously radiosensitive, depending 
upon duration of hydration prior to x-ir- 
radiation. There is an immediate drop in 
radioresistance following hydration, with 
gradual recovery of this resistance so that 
after 7 hours of hydration eggs are quite 
radioresistant again. 4. Delay of one month 
between x-irradiation and hydration was 
detrimental to eggs, resulting in reduced val- 
ues for hatching and motility. The greatest 
disparity was at 300,000 r. 
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(Introduced by Giovanni Favilli.) 


From Center of Bologna for Cancer Research, Divisions of Radiology and of Experimental Oncology.t 


This paper reports the results of investiga- 
tions concerning eventual alterations induced 
by X-rays on the non-cellular structures of 
connective tissues, with special attention to 
the constituents of the ground substance. We 
proposed to make use of the so-called diffu- 
sion test, by injecting either India ink or 
diphtheria toxin into skin tissues previously 
exposed to irradiation. It is well known that 
the mode and time of diffusion in the connec- 
tive tissues are, within some limits, indicative 
of both qualitative and quantitative charac- 
teristics of the ground substance. The pres- 
ent investigations aimed at studying the dif- 
fusion phenomenon at few minutes following 
irradiation. 

Material and method. Experiments were 
carried out on adult albino rabbits averaging 
2 kg in body weight. For irradiations a con- 
tact therapy apparatus was used (5 cm foc. 
dist: 50 Kw; 5 mA; 0.5 AL filter). Each rab- 
bit’s flanks, carefully shaved, were divided 
into 2 or 3 square areas. The right side areas 
were subjected to irradiation; the left side 
used as controls. A few minutes after ir- 
radiation each square area of both right and 
left flanks was intradermally injected with 
0.3 ml of India ink?: a swelling was thus ob- 


* This work supported by a grant from the Damon 
Runyon Memorial Fund for Cancer Research. 

+t Address: Via S. Giacomo 14, Bologna, Italy. 

¢ “Pelikan” India ink of Gunther Wagner Co. 


tained of 1 cm diameter, bulging out 4-5 mm 
from the skin surface. The diffusion areas, 
represented by well evident black spots on 
the skin, were measured 30 minutes, 1 hour, 
3 hours after injection, by drawing the out- 
line of the spots on cellophane stretched on 
the skin and transferring it on coordinate 
paper so as to obtain the spotted surface in 
mm?. Table I reports data of the spotted 
area 3 hours after inoculation. Other experi- 
ments were made using diphtheria toxin as 
diffusion indicator in place of India ink. Ir- 
radiation followed immediately and the con- 
trol areas were intradermally injected with 


TABLE I. Diffusion of India Ink (in mm?) 3 Hr 
after Injection. 


Side 
Rabbit Dose, r Control Irradiated A 
1 250 609 686 dhe 
500 577 690 113 
750 503 793 290 
2 250 520 495 —25 
500 505 660 155 
750 560 655 95 
3 1000 44] 809 368 
2000 one, 986 474 
4 1000 680 1100 420 
2000 570 1050 480 
5 1000 480 810 330 
2000 460 1200 740 
6 1000 430 700 270 
2000 450 880 430 


A—difference between diffusion areas on con- 
trol and irradiated sides. 
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FIG. 1. Rabbit 6 (Table I) inoculated with India ink. 3 hr later the animal was sacrificed, 
skin removed, pinned on board and dried. Photograph taken on subcutaneous side. 


0.3 ml of a solution containing an amount of 
toxin equal to 6 doses used for the reaction 
of Shick: which means that the content of an 
ampoule for 10 Shick’s doses of dry toxin was 
mixed with 0.5 ml of saline, and 0.3 ml of 
this mixture were inoculated.’ Diffusion 
areas of toxin in the skin do not appear be- 
fore 24 hours following inoculation; they re- 
semble erythematous patches, followed with- 
in 36-72 hours by sharply outlined necrosis. 
The surface areas were measured after 24-36- 
48 hours with the same technic as the India 
ink diffusion areas. Table II shows data 36 
hours after inoculation. 


Experiments with India ink. Two rabbits 
were irradiated on the 3 square areas of the 
right flank with 250, 500, 750 r each. The 
left flank corresponding areas were used as 
controls. Four rabbits were given 1000 and 
2000 r on the 2 square areas of the right 
flank. The corresponding areas on left flank 
were used as controls. Results are shown in 
Table I; Fig. 1 shows rabbit 6. Throughout 
such experiments diffusion with India ink in 
the skin previously exposed to irradiation was 


§ Diphtheria toxin prepared by the Istituto Siero- 
terapico e Vaccinogeno Sclavo of Siena. 


considerably wider than diffusion in  unir- 
radiated skin, with the exception of the square 
areas where the minimum dose of 250 r had 
been employed, which proved to be insuf- 
ficient to produce a steady significant increase 
of diffusion. On the contrary, considerable 
increase, as compared with controls, is seen 
on areas irradiated with 500 r. The higher 
the doses used, the greater the increase of 
diffusion. 

Diphtheria toxin. Two rabbits were ir- 
radiated on the 2 square areas of the right 
flank with 1000 and 2000 r each, (Table II 
and Fig. 2). These experiments fully 
confirm that diffusion in irradiated skin was 
wider than in normal skin. The above data 
give evidence of an increased diffusion of the 
inoculated substances in irradiated vs un- 


TABLE II. Diffusion of Diphtheria Toxin (in 
mm’) 386 Hr after Injection. 


Side 


Rabbit Dose, r Control Irradiated IX 
1 1000 410 590 180 
2000 340 580 240 
2 1000 380 810 430 
2000 350 920 570 


A—difference between diffusion areas on con- 
trol and irradiated sides. 
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FIG. 2. 


Rabbit 2 (Table IL) inoculated with diphtheria toxin. 
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Control 


48 hr later the animal was 


sacrificed, skin removed, pinned cn board and dried. Photograph taken on external side. 


irradiated skin. The same phenomenon is 
elicited when hyaluronidase is injected in 
normal skin together with India ink or diph- 
theria toxin. The immediate alterations of 
cutaneous and subcutaneous tissues after ir- 
radiation are commonly referred to phenom- 
ena of predominantly vascular nature, but 
they are not sufficient to explain the increase 
of diffusion. There is considerable evidence 
showing the relationship between diffusion in 
connective tissues and the chemical and phys- 
ical state of the mucopolysaccharide fractions, 
especially hyaluronic acid, which constitute 
the ground substance. It seems quite pos- 
sible, from our experiments, that Roentgen 


irradiation by depolymerizing such constitu- 


ents 7m vivo, should induce an increase of dif- 
fusion similar to the increase induced by 
hyaluronidase. This interpretation is sup- 
ported by observations made on the axolotl 
(Prodi and Miceli(1)), whose cutaneous and 
subcutaneous tissues, fairly rich in highly 
metachromatic substance, lose this character 
after irradiation. Similar observations were 
made by Pisani and Romanini(2) on human 
tumours and by Verga and Cali(3) on the 
umbilical cord. Further support to these con- 


siderations is given by an observation of 
Schoenberg et al.(4) on the fall of viscosity of 
hyaluronic acid after irradiation. It cannot 
be excluded that capillary lesions produced 
by irradiation (Neumayr and Thurner(5)) 
may play some role in the phenomenon ob- 
served, by changing the water content of the 
connective tissue. 


Recently Upton and Gude(6) observed an 
increase of diffusion of Evans Blue intrader- 
mally injected in rats subjected to total ir- 
radiation, when the dye was inoculated 4-7 
days after irradiation. It is doubtful, how- 
ever, whether the increase of diffusion ob- 
served in these experiments is to be referred 
to the same mechanism as the increase of dif- 
fusion observed in our experiments. This 
change could be the indirect result of irradia- 
tion through nervous and hormonal mechan- 
isms which control the production of the 
ground substance or it could be caused by 
capillary lesions. Also Kisselev(7) noted an 
increase in diffusion of a dye injected into 
the rabbits’ dermis after having subjected it 
to X-irradiation. In the short summary of 
Kisselev’s paper available to us there is no 


CHLORPROMAZINE IN [IRRADIATED MICE 


mention of the time elapsed between irradia- 
tion and diffusion test. 

Summary, India ink and diphtheria toxin 
were injected intradermally in the rabbit, in 
previously X-irradiated and unirradiated skin 
areas, the latter being symmetrically op- 
posite to the former. In the irradiated areas 
the spreading surface of the injected ma- 
terials was larger than in control areas. It 
is assumed that the increase of diffusion is 
due to depolymerization of the mucopolysac- 
charides of the ground substance by X- 
irradiation. 
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From Division of Pharmacology and Toxicology, Atomic Energy Project, School of Medicine, 
University of California at Los Angeles. 


Chinn and Sheldon(1) showed that chlor- 
promazine in doses of 5 to 10 mg/kg increased 
survival time in x-irradiated dogs. They did 
not see any beneficial effect in mice and 
guinea pigs but they stated that, “the appar- 
ent increase in survival time after chlorpro- 
mazine requires confirmation with larger 
series of animals.’’ We have studied the pro- 
tective effect of chlorpromazine in mice and 
have observed that this drug does increase 
mean survival time in mice at the 5 mg/kg 
dose level. However, larger doses were detri- 
mental to the irradiated mouse. 

Methods. Male, CF-1 strain mice, weigh- 
ing an average of 25 g each, were arranged in 
groups of 20 animals each and given single, 
intraperitoneal injections of chlorpromazine 
according to the schedule shown in Table I. 
Except during irradiation, the animals were 
maintained in an air-conditioned room at 
72 + 5° F and were fed a diet of Rockland 
pellets supplemented weekly with additional 
vit. A and D. The 550 r radiation dose was 
administered from above and below the mice 


* This article was based on work performed under 
contract between the Atomic Energy Commission and 
the University of California at Los Angeles. 


with two 250 KVP Picker Industrial Units 
operating simultaneously. The technical fac- 
tors were: 250 KVP; 15 ma; FOD 100 cm; 
filters, 0.21 mm Cu inherent, 0.5 mm Cu para- 
bolic and 1.0 mm Al; HVL 2.02; size of field 
—total body; r/min measured in air 17.27. 
Both units were calibrated before and after 
each experiment with a Victoreen thimble r- 
meter. The animals were restrained in a 
plastic cage similar to the one described pre- 
viously for guinea pigs(2). The results ob- 
tained were analyzed statistically by the 
Litchfield method(3). 


Results. The results obtained were given 
in Table I. The saline control animals re- 
sponded in the same manner as has been re- 
ported from this laboratory for the last sev- 
eral years(4-7). 

The control chlorpromazine groups showed 
the usual increased toxicity for increased dos- 
age, but it appeared that the drug was more 
toxic via the intraperitoneal route than re- 
ported for the intravenous route by Cour- 
voisier e¢ al.(8). Central depression was more 
marked at the higher doses and it was ob- 
served that a preliminary test group which 
received 40 mg/kg was sedated for at least 24 
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CHLORPROMAZINE IN IRRADIATED MICE 


TABLE I. Effect of Chlorpromazine in Irradiated Mice. 
a 


Medication 

Group days Dose 

Radt Post-R 1t 0.5 ¢e 
Saline 

Non-rad — — 
Chit 5 mg/kg 

Rad Pre-R§ 5 
Chl 

Rad Post-R 1 5 
Chl 

Rad a if 5 
Chl 

Non-rad = — 
Chl 10 mg/kg 

Rad Pre-R 10 
Chl 

Rad Post-R 1 10 
Chl 

Rad é ii 10 
Chl 

Non-rad — 20 
Chl 

Rad Pre-R 20 
Chl 

Rad Post-R 1 20 
Chl 

Rad ie fk 20 
Chl 


Shad == Dey on which 50% of animals alive. All values at P = 0.05. 


+ Rad = Radiated; Chl = Chlorpromazine. 
t Post-R = Post-irradiation. 


Total mortality 


ST..* and Slope and 


range in days range Day i) 
ao 1.23 14 100 

( 9.0-10.8) (1.16-1.31) 
16.7 1.63 28 85 

(13.5-20.7) (1.38-1.93) 
9.6 1.81 21 100 

( 7.4-12.4) (1.51-2.17) 
8) 1.39 19 100 

( 8.6-11.4)  (1.26-1.54) 
ie nm 6 15 
4.8 1.33 11 100 

(43-05 tie Ch cow 
6.6 1.76 14 100 

( 5.2- 8.5)  (1.48-2.09) 
8.6 1.25 ots 100 

(78: 95) — (A634) 
6.2 1.85 9 65 

( 4.7- 8.3)  (1.45-2.36) 
2.1 AL 5 95 

( 1.6: 28) (1.56-2.33) 
4.0 1.26 ff 100 

(3.62 44) + ((1.1751:36) 
8.8 1.24 ia! 100 

(78:05 .9:7),- 1CET621.33) 


§ Pre-R = Pre-irradiation. Injected one-half hr pre-irradiation. 


hours. This sedative effect differed from that 
seen with barbiturate anesthesia, in that res- 
piration appeared normal rather than de- 
pressed. 

The 5 mg/kg dose of chlorpromazine given 
prior to irradiation was definitely beneficial, 
increasing the ST;) day by almost 50%. It 
also increased total survival by 15%. Ad- 
ministration of this dose of drug was neither 
beneficial nor detrimental when given on 
post-irradiation days 1 or 7. On the other 
hand, the higher doses before or after irradia- 
tion acted synergistically with the irradiation, 
decreasing both the ST;9 and total mortality 
days. However, this synergism was less on 
post-irradiation day 7. The exact mechanism 
whereby chlorpromazine exerts its beneficial 
effect is obscure because the drug has so 
many diverse actions in the animal organism 


(9). We are certain, however, that hypo- 
thermia and artificial hibernation with chill- 
ing and a chlorpromazine-adrenergic blocker 
mixture similar to that of Laborit et al.(10) 
are not involved because an experiment of this 
type was highly detrimental to mice(11). 
Furthermore, injections of Hydergine (equi- 
mixture of dihydroergocornine, dihydroergo- 
cristine, and dihydroergokryptine), 5% glu- 
cose and chilling for one-half hour prior to 
irradiation decreased survival time. 
Conclusion. Pre-medication with 5 mg/kg 
of chlorpromazine intraperitoneally  signifi- 
cantly increased the mean survival time in 
irradiated mice. Post-irradiation medication 
with this dose of drug was neither beneficial 
nor detrimental but doses of 10 and 20 mg/ 
kg decreased survival time by acting syner- 
gistically with the irradiation. The sensitivity 


PROLACTIN AND SERUM LIPOPROTEINS 


of the irradiated animals to medication was 
discussed. 


The authors wish to thank Smith, Kline and 
French Laboratories for the chlorpromazine used. 
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From Department of Physiology and Pharmacology, Chicago Medical School, Chicago 12, Ill. 


Previous studies from this laboratory have 
revealed that the serum lipoprotein pattern of 
dogs differs from that of man and is modified 
by pancreatectomy and insulin(1), by he- 
parin(2) and by anterior pituitary growth 
(diabetogenic) hormone(3). Since, under 
certain experimental conditions, prolactin 
causes hyperglycemia (4,5), a study of the ef- 
fects of this hormone on serum lipoproteins 
of normal and depancreatized dogs was un- 
dertaken. 

Materials and methods. Eleven normal and 
5 depancreatized mongrel dogs of both sexes 
were used in these experiments. All dogs were 
kept on a constant diet of commercial dog 
food and were fasted for about 18 hours be- 
fore the experiment. Depancreatized dogs 
were treated as previously described(6) and 
received supplements of raw pancreas and pan- 
creas powder.’ After securing a_ control 
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sample of venous blood, purified prolactin 
(Armour Lot R-491154)|l was injected intra- 
venously (20 I. U./kg in 0.9% saline). Blood 
samples were again obtained 30 and 120 min- 
utes after the injection, at a time when the 
effect of prolactin on blood sugar was most 
pronounced. Eight of the 11 normal dogs re- 
ceived 2 or 3 additional intravenous injections 
of prolactin at alternate days and then the 
experiment was repeated. Four control ex- 
periments were performed using an amount 
of ACTH (0.4 mg/kg) similar to that con- 
tained in the prolactin preparation used. 
Blood glucose was determined in duplicate 
according to Nelson(7). Serum aliquots were 
studied by means of electrophoresis on filter- 
paper and the cholesterol and lipid phos- 
phorus content of the serum and of the elec- 
trophoretic fractions was determined as 
described in the first paper of this series(1). 
The statistical significance of the results was 
calculated with the method of Fisher(8). 


Results. (Table. I). The results confirm 
the following observations previously  re- 
ported: 1. In the dog, most of the serum 
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PROLACTIN AND SERUM LIPOPROTEINS 


TABLE I. Effect of Prolactin on Serum Cholesterol and Lipid Phosphorus Fractions in Normal and 
Depancreatized Dogs. (Average values.) 


——————Cholesterol—__——_—_ aa pid phosph ons oy 
2 mg/100 ce serum ——— 

Min. Sum of Sum of Blood 
attex frac- frac- ‘ glucose, 
inj. Aga oho Bi Boy tions Total* Aa Che Ba Bey tions Total* mg % 

‘ Prolaetin—first inj. 

0 142 15 25 10 192 211 6.0 6 4 ail uatl 7.9 90 
30 ti 14 20 6 217 201 6.2 6 3 0 7.1 7.8 75 
120 Ty 10 aT, if 205 216 6.4 a) 4. 0 7.3 8.1 67 
Prolactin—subsequent inj. 

0 139 16 20 9 184 205 heat 6 6 2 8.5 9.2 a 
30 142 9 15 6 172 190 6.7 ao 4 0 8.0 9.1 98 
120 150 18 24 10 202 208 7.4 “) 2 + 8.9 9.5 77 
Prolactin—diabetie dogs 

0 259 26 17 4 306 320 6.4 1.0 1.2 6 9.2 8.8 222 
30 270 24 20 2 316 320 7.2 1.4 6 4 9.6 10.8 266 
120 270 27 20 2 319 312 7.0 1.4 8 4 9.6 10.4 278 
ACTH—first inj. 
0 175 10 12 5 202 200 9.6 2 8 4 11.0 12.1 75 
30 138 10 18 + 170 194 9.6 A 4 6 11.0 12.6 74 
120 156 i 10 5 178 194 9.0 A 5 1g 11.0 12.6 77 
ACT H—subsequent inj. 

0 160 12 10 3 185 200 6.5 A 6 3 7.8 8.5 Ma 
30 172 6 17 3 198 200 7.5 ee 3 0 9.0 8.7 75 
120 159 15 8 6 188 198 7.4 1.2 5 W 9.2 10.0 80 


* By direct determination, 


lipids are carried in the albumin-a-globulin 
fractions and only a small amount in the B- 
globulins. This is different from the situation 
in man(1,9). 2. The serum of depancreatized 
dogs under insulin control is hyperlipemic 
cholesterol 
lipid P 
comparison of the cholesterol and lipid P val- 
ues obtained before and after single or re- 
peated injections of prolactin in normal or 
diabetic dogs fails to reveal statistically sig- 
nificant changes in spite of the fact that the 
first injection of prolactin in the nermal dog 
causes a marked hypoglycemia and repeated 
injections in normal and diabetic dogs cause 
marked hyperglycemia. Control experiments 
with ACTH also gave negative results.{ 


and has an elevated ratio(1). A 


Discussion. Prolactin does not modify 
serum cholesterol, lipid phosphorus and lipo- 
protein pattern of normal and depancreatized 
dogs, as it does not modify the fat content of 
liver and carcass of normal male rats(10). 
Prolactin, however, causes marked changes in 


{ P>0.05 in all cases. 


blood sugar concentration(5), confirming the 
hypothesis that the changes in serum lipopro- 
teins observed after pancreatectomy, insulin 
and the administration of growth hormone 
are not exclusively related to the changes in 
blood sugar, but may be the results of a di- 
rect action on lipid transport and metabolism 
(11,12). The ACTH experiments were de- 
signed as controls for the prolactin experi- 
ments. In view of the small doses of ACTH 
used, no conclusions can be reached regard- 
ing the effects of this hormone on serum lipo- 
proteins. 

Conclusion. Single or repeated injections 
of prolactin do not cause significant changes 
in serum cholesterol, lipid phosphorus and 
lipoprotein pattern of normal and depan- 
creatized dogs. 
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Ingestion and Destruction of Influenza Virus by Free Living Ciliate 


Tetrahymena pyriformis.* 


(21625) 


VINCENT GrouPrE, ERNEST C. HERRMANN, JR., AND FRANK J. RAUSCHER. 


From Institute of Microbiology, Rutgers University, State University of New Jersey, New Brunswick. 


A previous report from this laboratory(1) 
showed that when influenza B virus was 
added to axenic (bacteria-free) cultures of 
Tetrahymena pyriformis (T. geleiw) the virus 
was affected in at least 2 ways: First, the in- 
fective titer was substantially reduced by a 
factor present in both killed and viable cul- 
tures, and second, the viral hemagglutinin was 
inactivated or destroyed by actively multi- 
plying but not by mature protozoal cultures. 
The former phenomenon recalls to mind the 
fact that anti-bacterial lipids have been ob- 
tained from similar cultures of T. pyriformis 
(2). The latter phenomenon suggests that 
T. pyriformis might feed on influenza virus, 
since it is well known that 7. pyriformis and 
certain other ciliates feed upon bacteria. The 
studies reported here support this suggestion. 

Methods. The PR-8 strain of influenza A 
virus, the Lee strain of influenza B virus, and 
the California strain of Newcastle disease 
virus (NDV) were propagated in the allan- 
toic sac of chicken embryos. Viral hemag- 
glutinin(3,4) and complement _ fixing(5) 
titers were determined in the usual manner. 
End points were determined in both tests by 
serial 2-fold dilution to extinction of each 


* This investigation supported by a research grant 
from the National Microbiological Institute of Na- 
tional Institutes of Health, Public Health Service, 
and by funds provided by Rutgers Research and 
Endowment Foundation. 


sample. Optical density was used to measure 
protozoal multiplication as described by Kid- 
der and Dewey(6). Two sublines of T. pyvi- 
formis were maintained by weekly transfer in 
an (a) allantoic fluid containing influenza B 
virus and (b) PPL medium (2% proteose 
peptone and 0.5% liver extract in distilled 
water), respectively. Glaucoma scintillans 
was maintained in axenic cultures in a me- 
dium containing 2% proteose peptone, 0.1% 
glucose, 0.1% liver extract, and 0.5% yeast 
extract in distilled water. Euglena gracilis 
and Astasia klebsii were maintained in a me- 
dium containing 0.5% tryptone (Difco), 
0.2% NaC2H30sz, 0.15% KH2POx,, 0.5% 
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FIG. 1. Inactivation of influenza B viral hemag- 


glutinin and complement fixing antigen by Tf. 
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FIG. 2. Effect of additional nutrients on inactiva- 


tion of influenza B viral hemagglutinin by T. 
pyriformis. @® —HA without added nutrients; 
© —=HA with added nutrients; @ = OD without 
added nutrients; A = OD with added nutrients. 


KNOs, 0.1% MgSO,. 7H2O, and 0.01% 
NaCl in distilled water. Experimental design. 
Pools of allantoic fluids were stored at —10°C 
and aliquots were thawed and clarified by 
centrifugation before use. In each experi- 
ment 40-90 ml amounts of allantoic fluid con- 
taining 200 units each of penicillin and strep- 
tomycin per ml were placed in 250 ml Erlen- 
myer flasks. Each flask was inoculated with 
1-2 ml of a 24-48 hour old culture of protozoa 
or saline and incubated at 28°C. Three to 5 
ml aliquots were removed from each flask at 
appropriate intervals, the optical density was 
recorded, and formalin was added to 0.05% 
to kill the protozoa. Each aliquot was then 
clarified by centrifugation and stored at 5°C 
for assay of its hemagglutinin and comple- 
ment fixing activity later that week. 

Results. Axenic cultures of T. pyriformis 
that grew luxuriantly in PPL medium also 
grew well and could be maintained in serial 
culture in allantoic fluid collected from 
chicken embryos infected with influenza B 
virus. Growth was poor in allantoic fluid col- 
lected from normal embryos. The data pre- 
sented in Fig. 1 show the effect of multipli- 
cation of T. pyriformis in allantoic fluid on 
its viral hemagglutinin and complement fixing 
antigen content. The details of procedure 
are described above under “Methods.” It 
will be seen that the rapid increase in the pro- 
tozoal population was accompanied by a cor- 
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responding rapid decrease in both viral 
hemagglutinin and complement fixing anti- 
gen. All attempts to demonstrate production 
of an inhibitor of viral hemagglutination im 
vitro by T. pyriformis in PPL medium, or to 
demonstrate absorption of viral hemagglutinin 
by concentrated protozoa failed. It will be 
recalled that the complement fixing antigen 
of influenza virus was found to be the most 
stable property of the virus when exposed to 
ultraviolet light(7) or nitrogen mustard(8). 
It appears, therefore, that T. pyriformis is 
capable of completely destroying influenza B 
virus. 

Data presented in Fig. 2 show the effect of 
added nutrients on protozoal growth and re- 
duction of viral hemagglutinin in allantoic 
fluid infected with influenza B virus. In this 
experiment 30 ml of a sterile aqueous solution 
of 5% proteose peptone, 1% liver extract, 
and 1% yeast extract was added to an equal 
volume of allantoic fluid. Otherwise, this ex- 
periment was identical in procedure to that 
described above. It will be seen that the 
presence of additional nutrients in allantoic 
fluid affected the culture in 2 ways: (a) Pro- 
tozoal growth was markedly increased, and 
(b) reduction of hemagglutinin was delayed 
but not substantially decreased. 

Data presented in Table I show that it was 
possible to recover influenza B viral hemag- 
glutinin from frozen and thawed T. pyri- 
formis. In this experiment, as before, ali- 
quots of a culture of T. pyriformis were col- 
lected at the intervals indicated and formal- 
inized to kill the protozoa. In this case, how- 
ever, the protozoa were collected by centrifu- 
gation, resuspended in saline to the original 


TABLE I. Recovery of Hemagglutinin from 
T. pyriformis. 
—ooooooooeeeeeeeeeeeee— 

Allantoie fluid 
Hr of incubation at 28°C 
Tetrahymena pyriformis OR OR ELAS odie 8 


Control: 
No protozoa 512* 512 512 


Protozoal culture: 


Supernatant fluid 512 512 512 128 32 
Sediment (protozoa) Sy eG ke UB 
frozen and thawed 

coneentrate 


* Reciprocal of hemagglutinin titer. 
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FIG. 3. Inactivation of hemagglutinins of influ- 

enza A and Newcastle disease virus (NDV) by TZ. 

pyriformis. @ = HA of influenza A virus; O = 

HA of NDV; 4& —OD with influenza A virus; 
A = OD with NDV. 


volume, again sedimented by centrifugation, 
and then resuspended in a volume of saline 
equal to 4 of the original volume of the 
sample. The washed, 4X concentrated pro- 
tozoal suspension was then frozen and thawed 
3 times, clarified by centrifugation, and tested 
for the presence of viral hemagglutinin. The 
data show that a small, but detectable amount 
of hemagglutinin was recoverable from the 
protozoa throughout the period of decline in 
titer of hemagglutinin in allantoic fluid. 
Similarly prepared concentrates of the ciliate 
grown in the absence of virus failed to agglu- 
tinate red blood cells. 

Thirty-three consecutive subinoculations of 
T. pyriformis in allantoic fluid infected with 
influenza B virus failed to enhance the ability 
of the protozoa to reduce viral hemagglutinin. 
Thus, when the two sublines of 7. pyriformais, 
maintained on allantoic fluid and PPL me- 
dium, respectively, were compared, the rates 
of protozoal growth and of reduction in viral 
hemagglutinin were almost identical. Fur- 
ther, exposure of allantoic fluid infected with 
influenza B virus to a temperature of 50°C 
for 1 hour also failed to alter the rate of 
growth of the protozoa or the reduction in 
hemagglutinin. 
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Data presented in Fig. 3 show that T. pyri- 
formis also multiplied in allantoic fluid col- 
lected from eggs infected with influenza A 
virus or Newcastle disease virus (NDV) and 
that a corresponding reduction of viral hemag- 
glutinin occurred in each instance, comparable 
with that obtained with influenza B virus. The 
procedures employed in these experiments 
were identical with those described above 
under Methods. 

In Table II data are presented showing 
that axenic cultures of Glaucoma scintillans, 
Euglena gracilis, and Astasia klebsii all failed 
to reduce viral hemagglutinin whereas T. py- 
rifornis effectively reduced hemagglutinin 
titer under comparable conditions. 


Discussion. The data presented dealing 
with the multiplication of 7. pyriformis in 
allantoic fluid collected from eggs infected 
with influenza B virus clearly point to the 
conclusion that the protozoa ingest the virus 
particles and destroy them. The evidence for 
this conclusion may be summarized as fol- 
lows: (a) Hemagglutinin and complement fix- 
ing antigen were inactivated at approximately 
the same rates. (b) Inactivation of virus 
was inversely related to the increase in the 
protozoal population. (c) Viral hemagglutinin 
was recoverable in low concentration from 
washed protozoa. (d) The presence of addi- 
tional nutrients delayed but did not prevent 
reduction of the viral hemagglutinin content 
of the medium by T. pyriformis. Failure of 
the flagellates Euglena and Astasia to remove 
virus is understandable since those protozoa 
do not possess oral parts. However, failure 
of the ciliate Glaucoma, which is morpho- 
logically similar to Tetrahymena, to affect 
virus may be due to failure to ingest virus, but 
it is equally possible that Glaucoma is unable 
to digest virus and therefore rapidly excretes 
the virus without alteration of its hemagglu- 
tinin. 

The fact that Tetrahymena is capable of in- 
gesting and destroying influenza virus sug- 
gests that free living ciliates may play a role 
in the removal of certain viruses in sewage 
disposal plants and conceivably in soils and 
streams. It is also conceivable that certain 
viruses may prove to be useful as a nutrient 
in initiating axenic cultures of other ciliates. 
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TOCOPHEROL AND CAROTENE CONVERSION 


TABLE II. Failure of Certain Protozoa to Inactivate Influenza B Viral Hemagglutinin. 


Duration of incubation at 28°C 


0 hr 48 hr 7 days 
Protozoan HA Growth HA Growth HA Growth 

Ciliates: 

Tetrahymena pyriformis 128 — 2 ++ Oo +++ 

Control 128 —- 128 = 128 — 

Glaucoma seintillans 64 — 64 + 64 +++ 

Control 64 — 64 —_- 64 — 
Flagellates: 

Astasia klebsii 64 — 64 ++ 128 +++ 

Control 64 — 64 —- 64 — 

Euglena gracilis 64 — 32 teh 64 ae 

Control 64 — 64 — 64 _— 


HA — Reciprocal of hemagglutinin titer. 


Amount of protozoal growth: +, slight; +-+, moderate; +--+, luxuriant. 


Summary. The hemagglutinin and comple- 
ment fixing antigen of influenza B virus were 
inactivated at approximately the same rate 
by T. pyriformis. Inactivation of virus was 
inversely related to the increase in protozoal 
population. Hemagglutinin was recoverable 
in low concentration from washed protozoa. 
The presence of additional nutrients delayed 
but did not prevent reduction of the viral 
hemagglutinin content. The hemagglutinins 
of influenza A virus and of Newcastle disease 
virus were also inactivated by actively grow- 
ing cultures of T. pyriformis. The flagellates 
Euglena gracilis and Astasia klebsii and the 
ciliate Glaucoma scintillans failed to affect 
influenza B viral hemagglutinin. 


Effect of Tocopherol on Carotene Conversion.* 
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It is known that small supplements of a- 
tocopherol enhance the utilization of low 
doses of 8-carotene while larger amounts di- 
minish the effectiveness of the pro-vitamin 
(see Hebert and Morgan(1) for a recent re- 
view). Although this adverse effect of a- 
tocopherol has been presumed to be on the 


* These studies were aided by contract between 
Office of Naval Research, Department of Navy, and 
the University of Texas Medical Branch. 


stability, and possibly on the absorption, of 
carotene in the intestine, High, Woods and 
Wilson(2) in noting a similar occurrence with 
other antioxidants (alkyl hydroquinones) 
suggested that these substances, as well as 
tocopherol, may interfere directly in the enzy- 
matic conversion of carotene to vit. A. 

By injecting carotene intravenously(3), it 
is possible to circumvent the factors of de- 
struction and absorption in the intestine. If 
tocopherol does affect the enzymatic oxidation 
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of carotene to vit. A, it might be expected 
that utilization of injected carotene would be 
altered by increased levels of tissue toco- 
pherol. 


Methods. Weanling, male Holtzman rats 
caged singly were depleted of vit. A by feed- 
ing a synthetic, A-free diet(4) not containing 
added tocopherol. The 2% cottonseed oil in 
this ration would supply about 0.18 mg total 
tocopherols/10 g ration, calculated from the 
analyses of Harris, e¢ al.(5). On the 11th 
day, the rats were grouped by weight and 
from the 12th to 16th day, inclusive, 0.2 ml 
of an aqueous solution of 20% Tween 40 con- 
taining 0, 4, 10 or 20 mg_ a-tocopherol 
(Merck) was given daily by stomach tube. 
On the 18th day, when about half of the ani- 
mals had failed to gain, due to vit. A. defi- 
ciency, a single dose of 13.6 wg pure B-caro- 
tenet in aqueous Tween 40 was injected via 
tail vein. The food was continued ad libitum 
and the growth rate followed. In a second simi- 
lar study, four groups of 6-7 rats were fed an 
A-free, low-tocopherol diet as above but con- 
taining 10% lard as a source of fat. From 
the 11th to 14th days, inclusive, the groups 
received 0, 0.01, 0.05 or 0.10 mg a-tocopherol 
by stomach tube. On the 15th dav, they were 
injected intravenously with 12.3 yg carotene 
and the growth rates followed. In a third 
study, 2 groups of 4 rats were depleted of 
vit. A as in the first study. On the 13th, 14th 
and 15th days one group received 0 and the 
other 20 mg of a-tocopherol orally. On the 
22nd day, when all animals were A-deficient 
(weights = 97-137 g), a single injection of 
88 wg carotene/100 g body weight was given 
intravenously. Twenty-four hours later they 
were killed and analyses for carotene and vit. 
A(3) and tocopherol(6) performed. 


Results. The data in Table I show that 
increasing the amount of a-tocopherol in the 
body of vit. A-deficient rats prior to injecting 
carotene did not affect the growth response 
to the carotene. All groups reached a weight 
plateau in 17-18 days and the growth curves 
were similar. In the second study, in which 
a low-vit. E diet was employed and much 
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TABLE I. Maximum Weight Gains of Vit. A-De- 

pleted Rats Dosed Orally with a-Tocopherol for 5 

Days, then Injected Intravenously with 13.6 yg 

Carotene. (Max wt reached 17 or 18 days after 
receiving carotene.) 


copherol sup- 


plement, mg 


Daily qa-to- 


No.of Initial Maximum Wt gain, 

rats wt, 2 wt, g g 
0 8 101.8+4.6* 145.54+6.6 43.7+7.3 
4 9 102.34+2.4 1504+6.8  48.1-5.3 
10 10 102.72-2.9 149.0+8.2 46.3--6.1 
20 8 99.34+3.4 148.8+5.8 49.5+3.6 


* Mean with stand. error. 


smaller supplements of a-tocopherol given the 
animals, again no effect of the tocopherol was 
observed on carotene utilization. The growth 
curves were similar and all groups reached a 
weight maximum in 12-14 days (average 
weight gains were 52.7, 55.3, 48.0 and 50.0 g 
for groups receiving 0, 0.01, 0.05 and 0.10 
mg tocopherol, respectively. In both of these 
studies, negative control animals not receiv- 
ing carotene failed to gain. 


The formation of vit. A from carotene in- 
jected into rats with normal or elevated tissue 
levels of tocopherol is presented in Table II. 
The animals supplemented with a-tocopherol 
had considerably more of the anti-oxidant in 
their tissues than did the control animals. 
The amounts of vit. A formed, and the resid- 
ual carotene, however, were essentially the 
same for the two groups. 


Discussion. These studies indicate that 
when the tissue tocopherol level is increased 
above normal, and carotene is injected intra- 
venously, no inhibition of carotene conversion 
occurs. Since carotene injected intravenously 
is transformed to vit. A predominantly in tis- 
sues other than the small intestine(3), it 
would appear that the inhibitory effect of 
tocopherol on orally administered carotene, 
under some conditions, is on the stability and 
absorption of the pro-vitamin in the intestine, 
and not on the actual enzymatic conversion 
to vit. A. 


Summary. Increased amounts of  toco- 
pherol in tissues of rats did not affect the 
formation of vit. A from injected carotene, as 
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TABLE II. Vit. A and Tocopherol in Tissues of Vit. A-Deficient Rats Injected with Carotene 
after Receiving Tocopherol Orally. 


Tocopherol 


Liver + kidneys*———_, 


ae Tocopherol, 42/2¢1———— =r 


supplement Carotene, ug/g Vit. A, ng/g Heart Lung Testes 
0 ea, Neo 34.2 23.9 13.2: 
(5.3-8.2) t (1.7-2.2) (30.4-40.2) (20.8-29.6) (11.5-15.5) 
20 mg, 3 6.7 et 40.2 Bad 18.6 
a hool (5.6-8.2 (1.9-2.4) (32.0-56.2) (25,6-37.5) (15.4-22.4) 


- Avg of 3 rats. + Avg of 4 rats. 


determined by growth and tissue vit. A 
studies. 
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Effect of Purified Gonadotropins upon Release of Spermatozoa in the Frog, 


Rana pipiens.* 


Mario H. Burcost AND AARON J. LADMAN.+ 


(21627) 


(Introduced by D. W. Fawcett.) 


From Department of Anatomy, Harvard Medical School, Boston, Mass. 


Houssay(1) reported that purified FSH, 
LH and human chorionic gonadotropin 
(HCG) stimulate the release of spermatozoa 
(spermiation) in the toad (Bufo arenarum 
Hensel). Since it was discovered that HCG 
could be assayed in this manner in various 
Salientia, the domestic frog (Rana pipiens) 
has been increasingly used as the assay ani- 
mal in pregnancy diagnosis procedures(2-8). 
To our knowledge, the effects of purified 
pituitary gonadotropins on the spermatozoa 
release response in Rana pipiens have not 
been studied before. This report presents 
the results which we obtained with the 3 
purified pituitary gonadotropins, FSH, LH 
and prolactin, and also with HCG. 


Materials and methods. Frogs were pro- 


* This study was supported by a grant from the 


Division of Research Grants and Fellowships of the 
National Institutes of Health, U. S. Public Health 
Service. 

t Rockefeller Fellow 1953-1955. 

+ American Cancer Society Research Fellow 1952- 
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cured from a local dealer during September 
and October, and placed in community tanks 
in which a constant flow of tap water was 
maintained. Doses of 0.5 mg to 15 mg of 
FSH; 0:005- me toni: megnot bse Weer 
150 I.U. of prolactin (Armour)$§ and 10 1.U. 
to 100 I.U. of HCG (Parke, Davis) in 0.5 ml 
of frog Ringer solution were prepared by 
serial dilutions and were injected into the 
dorsal lymph sac. Controls received 0.5 ml 
of Ringer solution alone. Subsequently, at 
the time of observation, a medicine dropper 
was inserted into the animal’s cloaca. The 
fluid so withdrawn was examined unstained, 
under the microscope, for evidence of sper- 
miation prior to and at intervals of %4, 1, 2, 
3, 4, 24 and 48 hours after hormone adminis- 
tration. The magnitude of the spermatozoa 
release was evaluated and the response was 
recorded in the following terms: 0 (no re- 


\ We wish to thank Dr. Sanford Steelman of Ar- 
mour Laboratories, for generous supplies of swine 
FSH No. K45308R, sheep LH No. 227-80, and beef 
prolactin No. R491153. 
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TABLE I. The Spermatozoa Release of the Frog (Rana pipiens) to 4 Gonadotropins. 


Hr between hor- 


mone inj. and No. of No. of Mean 

cloacal fluid animals animals % response 

Hormone Dosage examination inj. responding responding ~° value* 
FSH 15 mg Ww 2 0 0 0 
15 1 2 2 100 1.5 
15 2-4 4 4 100 2.5 
5 2-21% 8 0 0 0 
5 3-314 8 7 87 1.3 
1 wy-3 8 0 0 0 
a) 3-3 % 8 0 0 0 
LH 1 Yy—4 8 8 100 3.0 
5 %1% 12 12 100 3.0 
5 214-4 17 iy 100 2.6 
5 24 4 4 100 1.8 
all 4-3 4 4 100 2.5 
075 Y-2 3 3 100 2.0 
05 7) 8 6 75 8 
05 1-1% 7 33 3 4 
.05 216-3 14 12 86 1.4 
05 4 4 4 100 1.8 
05 24 4 - 100 1.0 
.005 %y—-24 29 5 17 2 
Prolactin 150 1. U. 24 6 0 0 0 
5 14-24 6 0 0 0 
HCG 100 2-3% 16 13 81 1.4 
100 24 3 3 100 1.0 
25 4 2 2 100 2.0 
10 2-31% 15 3 20 3 
10 24 3 0 0 0 


* Mean response value computed by adding evaluated response scores of individual frogs 
(0, 1+, 2+, +3-+) and dividing by total No. of animals in group. 


sponse), 1+ (weak), 2+ (moderate) and 3-- 
(strong). Testes from control and stimu- 
lated frogs were fixed in Bouin’s fluid, dehy- 
drated, embedded in paraffin, and sectioned 
at 4u. The sections were stained in hema- 
toxylin and eosin. 

Results. The responses of the frogs to ad- 
ministration of the 4 gonadotropins, as meas- 
ured by the release of spermatozoa, are pre- 
sented in Table I. The 3 photographs shown 
in Fig. 1 to 3 illustrate typical responses, as 
observed microscopically in cloacal washings. 

The minimal doses of hormone which were 
necessary to elicit the release of spermatozoa 
in greater than 75% of the frogs in each 
group within 4 hours after administration 
were: 5 mg of FSH, 0.05 mg of LH and 25 
I.U. of HCG. Prolactin failed to elicit a re- 
sponse. Only occasional responses were ob- 
served after administering 0.005 mg of LH 
and 10 I.U. of HCG. The extent of spermia- 
tion as determined by the mean response 
value in Table I appears to be maximal at 4 


hours, diminished after 24 hours, and nega- 
tive by 48 hours after injection. When doses 
of 0.1 mg of LH, or more, were given, maxi- 
mal responses were observed within 20 min- 
utes. We reused these animals after 48 hours 
and observed no cumulative effects. 

The histological appearance of the frogs’ 
testes prior to and % hour after administra- 
tion of 0.1 mg of LH is shown in Fig. 4 and 
5. In control animals (Fig. 4), heads of the 
spermatozoa lie clustered in groups, and bur- 
ied in the apical cytoplasm of the Sertoli cells 
at the periphery of the seminiferous tubules 
(arrows). After strong stimulation (Fig. 5), 
the spermatozoa and a few dislodged Sertoli 
cells are forced into the center of the tubules, 
whereas the spermatogonia and spermatocytes 
remain as rounded clusters of cells which are 
adherent to the basement membrane of the 
tubules. 

Discussion. Spermiation in frogs can be 
induced by FSH, LH, and HCG, but not by 
prolactin. Nevertheless, it should be noted 
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FIG. 1-3 are dark-field photomicrographs of unstained cloacal washings of frogs to illustrat 
spermatozoa release response. All 100. 
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FIG. 1. Control animal. No spermatozoa are present. 
FIG. 2, A 1+ response. Small number of spermatozoa, which resemble grains of rice, are 
seen. 


FIG, 3. A 3+ response. Large numbers of spermatozoa clustered about Sertoli cells which 
have been expelled with spermatozoa by intensity of the stimulation. 


FIG. 4. A photomicrograph of a histological section of the testis from a control frog. The 
spermatozoa heads (arrows) are seen at periphery of seminiferous tubules implanted in eyto- 
plasm of the Sertoli cells. H. & BE. X110. 


FIG. 5. Photomicrograph of histological section of testis from a frog which displayed a 3+ 
response, 30 min. after administration of 0.1 mg of LH. Spermatozoa and some Sertoli cells 
are visible in centers of seminiferous tubules, whereas, spermatogonia and spermatocytes are 
collected in rounded groups which are adherent to the basement membrane enclosing the 
tubules. H. & E. X110. 
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that the preparation of FSH contains 2 to 
3% of LH as determined by the manufac- 
turer’s assay (weight of ventral prostate in 
hypophysectomized immature rats), and that 
the minimal dosage of 5 mg of FSH which 
evoked a positive response, contained by cal- 
culation, 0.1 mg to 0.15 mg of LH. This 
amount of LH, as shown in Table I, is suf- 
ficient to elicit spermiation. Similarly, the 
doses of 1 mg and 0.5 mg of FSH which did 
not evoke spermiation, contained only 0.02 
mg to 0.03 mg, and 0.01 to 0.015 mg of LH, 
respectively, amounts which are less than the 
minimal 0.05 mg dose of LH required to in- 
duce a uniformly positive response. Thus, 
we attribute the spermiation response which 
occurred after administration of moderately 
large doses of FSH to the LH with which the 
preparation was contaminated. As a result 
of these considerations, it is concluded that 
the observed release of spermatozoa in the 
frogs was induced solely by LH or a sub- 
stance with an LH-like activity, such as HCG. 
Since this method for the determination of 
LH activity as measured by spermatozoa re- 
lease in frogs is rapid, sensitive and relatively 
inexpensive, it might be utilized as an accur- 
ate procedure to assay the purity of FSH 
preparations. 

Occasional positive responses in Rana pi- 
piens after the administration of menopausal 
urine were attributed by Haskins(9) to FSH, 
an interpretation which we do not share. 
From our experience with FSH, we believe the 
presence of LH in menopausal urine to be a 
more likely explanation. The finding of 
Greep and Jones(10) that, in addition to 
large quantities of FSH, menopausal urine 
contains appreciable amounts of LH, lends 
strong support to the latter supposition. 

The possibility that spermiation can be in- 
duced in Rana pipiens by the release of epine- 
phrine, as a result of handling the animals, 
has been suggested by Robbins and Parker 
(11). Since the controls as well as the ex- 
perimental animals which received non- 
spermiating doses of LH and HCG did not 
respond, the possibility that epinephrine may 
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induce spermiation appears to be ruled out 
under the conditions of our experiments. 

Because of the delicate and rapid response 
of the germinal elements of the testis to some 
of these preparations, further study of the 
experimental material by means of _histo- 
logical and cytochemical technics suggested 
itself. This work is now in progress and the 
results will be published subsequently. 

Summary. Release of spermatozoa by 
the frog, Rana pipiens, after administration 
of “purified” FSH, LH, prolactin and HCG 
has been studied. The minimal doses of 
these hormones which produced a response 
in over 75% of the animals in each 
group were: 5 mg of FSH, 0.05 mg of 
LE and< 257 13U. -of, “H@G. ;Prolactincedid 
not elicit a response. Our data indicate that 
the release of spermatozoa in the frog can be 
induced by LH or a substance with an LH- 
like activity (HCG). The positive response 
to FSH is attributed by us to the contamina- 
tion of the preparation with LH (2 to 3% by 
manufacturer’s assay). It is suggested that 
this rapid and sensitive response to LH might 
be utilized to assay the purity of FSH prepa- 
rations. 


1. Houssay, B. A., Acta Physiol. Latino-Am., 1954, 
v4, 2. 
2. Wiltberger, P. B., and Miller, D. F., Science, 
1948, v107, 198. 

3. Robbins, S. L., and Parker, F., Endocrinology, 
1948, v42, 237. 

4. Haskins, A. L., and Sherman, A. I., zbid., 1949, 
v44, 542. 

5. Cutler, J. N., J. Lab. and Clin. Med., 1949, v34, 
554. 

6. Brody, H., Ann. J. Obst. and Gynec., 1949, v57, 
581. 

7, Gardner, H. L., and Harris, N. B., zbid., 1950, 
v59, 350. 

8. Samson, S., Science, 1950, v111, 231. 

9. Haskins, S. L., J. Clin. Endocrinol., 1951, v11, 
PANS 

10. Greep, R. O., and Jones, I. C., Recent Prog. 
Horm. Res., 1950, v5, 197. 

11. Robbins, S. L., and Parker, F., Endocrinology, 
1949, v44, 384. 


Received February 23, 1955. P.S.E.B.M., 1955, v88. 


Failure of Cobalt to Influence the Life Span of the Erythrocyte. 


(21628) 


D. C. VAN Dvxe,* C. W. Asiinec,t N. I. Bertin, AND R. G. HARRISON. 


From Department of Anatomy, University of Liverpool, National Institute of Medical Research, 
London, and The Donner Laboratory, University of California, Berkeley. 


Chronic administration of cobalt is one of 
the few ways in which an increase in the total 
number of erythrocytes in the circulation 
(polycythemia) can be produced. Since 
polycythemia must result either from an in- 
crease in the rate of formation of erythrocytes 
or from an increase in the average life span of 
the erythrocytes, or a combination of these 
two, it is important to determine which 
mechanism is involved following the adminis- 
tration of cobalt(1). It is generally believed 
that cobalt acts as a direct stimulant to the 
erythropoietic portion of the bone marrow 
since its administration is followed by a 
reticulocytosis(2), hyperplasia of the bone 
marrow(3,4) and an increase in the erythroid 
cells in the marrow(5-8). Studies of iron 
metabolism in the rat made polycythemic by 
cobalt showed that there was an increase in 
the amount of iron utilized for red cell forma- 
tion which was directly proportional to the in- 
crease in total red cell volume(9). This 
could be interpreted as meaning that the life 
span of the red cell was normal. Neverthe- 
less, one must consider the possibility that an 
increase in red cell life might be contributing 
to the final degree of polycythemia. There- 
fore, a direct measurement of the life span of 
the red blood cell in the rat made polycy- 
themic by cobalt should be made. In this 
study the life span of the erythrocyte in such 
rats was determined by the method of Shemin 
and Rittenberg(10) using C™ labeled glycine. 

Materials and methods. Female albino 
rats (Imperial Chemical Industries colony), 
90 days of age, averaging 150 g, were distrib- 
uted between 2 groups. One group (8 ani- 
mals) received daily 1.5 ml intraperitoneal in- 
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t Fulbright Fellow, Department of Anatomy, Uni- 
versity of Liverpool. 

¢+U. S. Public Health Service Special Research 
Fellow, National Institute for Medical Research, 
London. 


jections of a mixture of cobaltous sulfate and 
ferric ammonium citrate containing 0.187 mg 
cobalt and 0.3 mg iron. The iron was included 
to provide for any increase in hemoglobin syn- 
thesis produced by cobalt. The second group 
(10 animals) received no treatment and 
served as controls. Previous experience has 
shown that this dose and route of adminis- 
tration, if given for an adequate period of 
time produces a true polycythemia(11). 
When the cobalt-injected group had devel- 
oped a significant polycythemia, as judged by 
the hematocrit (94 days after the onset of 
cobalt therapy), the animals of both the co- 
balt-injected and uninjected groups were 
given intraperitoneally 0.1 mg glycine con- 
taining 5 pe of glycine-2-C™*. After adminis- 
tration of the glycine, 0.25 ml samples of 
blood were drawn from the tail veins at fre- 
quent intervals for the next 83 days. During 
this period the cobalt and iron injections were 
continued and the polycythemia was main- 
tained as demonstrated by hematocrit read- 
ings at the end of the experiment. This 
period of sampling (83 days) exceeded the 
normal life span of the rat’s red cells (60 
days)(12). In order to minimize blood loss 
through sampling and yet allow frequent 
sampling, only half of the members of each 
group were bled at each interval. The blood 
was drawn into a heparinized syringe and the 
cells were washed twice with physiologic sa- 
line solution. The hemoglobin was extracted 
by a modification of the method of Drablin 
(13), oxidized by the method of van Slyke 
(14), and the liberated CO», collected as 
BaCOs. The C™ activity of the COs subse- 
quently liberated from a known amount of 
BaCOs; by treatment with concentrated sul- 
furic acid was measured in a 100 cc ionization 
chamber (15). 

Results. The Table gives the weight of 
the animals and the hematocrits at the time 
of administration of glycine-2-C™ and also at 
the end of the experiment. It will be seen 
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TABLE I. Body Weight and Hematocrit Measurements at Time of Injection of C Labeled 
Glycine and at End of Experiment. 
e—=—w_“0—BeOo*$I0Soaoa—"~$<~Ss———— oo 


No. of (aN ONSET \ Terminal] ————_, 

Group rats Body wt,g Hematocrit, % Body wt,g Hematocrit, % 
Cobalt-inj. 8 193 + 3.7 Sines 9934+3.5 588+ 1.22 
Control 205 + 2.6 47.04 .78 231 = 3.2 43.74 .91 


10 


that the weight gain was impaired only slight- 
ly by this dose of cobalt and also that the 
hematocrits remained constant during the ex- 
periment in spite of the loss of blood involved 
in sampling. 

The graph shows the average values for 
the radioactivity of the carbon derived from 
hemoglobin, expressed as disintegrations per 
minute per mg BaCOs at progressive intervals 
after the injection of labeled glycine in both 
the polycythemic and normal rats. It should 
be noted that the specific activity for the 
polycythemic animals is approximately 60% 
greater than that of the normal animals (8 vs 
5 disintegrations per minute) in the initial 
samples. This higher level results from a 
greater incorporation of glycine into the red 
cells of the polycythemic animals. The most 
likely interpretation for this greater incor- 
poration is that it results from an increased 
rate of formation of red cells at the time the 
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FIG. 1. Values for avg radioactivity of carbon 

derived from hemoglobin are expressed in disinte- 

grations/min./mg BaCO;. Point of inflection, in- 

dicating avg life of erythrocyte is shown by an 
arrow at 53 days. 


glycine was injected. The points of inflection 
obtained by graphical differentiation of the 2 
curves indicate the average life span of the 
red cell(10). The average red cell life of 53 
days found in the normal animals is in agree- 
ment with previous estimates(12). The life 
span of the red cells of the animals made 
polycythemic by cobalt was not different from 
that of the normal controls. 


Conclusions. This study shows that the life 
span of the red cell is not changed in rats 
made polycythemic with cobalt. The mech- 
anism for the production of polycythemia fol- 
lowing chronic administration of cobalt must 
be attributed to an increase in the rate of 
production and release of red cells into the 
circulation. 
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Recovery of Western Equine Encephalomyelitis Virus from Naturally 


Infected English Sparrows of New Jersey, 1953.* 
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From the Department of Epidemiology and Microbiology, Graduate School of Public Health, 
University of Pittsburgh, Pittsburgh, Pa. 


The virus of western equine encephalomye- 
litis (WEE) has been recovered numerous 
times from both vertebrate and invertebrate 
hosts in the middle and far western states of 
the United States. Relatively few isolations 
from naturally infected hosts have been re- 
ported from states east of the Mississippi 
River, and none east of the Appalachian 
Mountains. This communication describes 
one definite and one probable recovery of 
WEE virus from immature English sparrows 
(Passer domesticus domesticus) found in New 
Jersey in September, 1953. Further evidence 
that the virus was active among avian hosts of 
the area was found in a WEE antibody survey 
of domestic fowl. 

Methods. English sparrows were collected 
in wire bait traps placed one mile west of 
Egg Harbor City, New Jersey, as a part of an 
investigation of eastern equine encephalomye- 
litis (EEE) in ring-necked pheasants (Phasi- 
anus colchicus torquatus)(1). Blood speci- 
mens were taken from the external jugular 
vein, placed on wet ice for transportation to 
the field laboratory, and subsequently stored 
on dry ice either as whole blood or serum. 
Whole blood specimens were prepared for at- 
tempted virus isolation by grinding 0.3 to 0.5 
ml amounts of mixed clot and serum in a cold 
mortar with alundum and 3.0 ml quantities of 
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and the Commission on Virus and Rickettsial Dis- 
eases, Armed Forces Epidemiological Board. 

+t Communicable Disease Center, Public Health 
Service, U. S. Department of Health, Education and 
Welfare, Atlanta, Ga. 


diluent consisting of 3344% normal inacti- 
vated rabbit serum in buffered saline and con- 
taining penicillin and streptomycin in final 
concentrations of 667 units/ml and 667 pg/ 
ml, respectively. Following centrifugation at 
2,000 rpm for 20 minutes at 5°C, 0.03 ml 
amounts of the supernatants were inoculated 
into each of six 3- to 4-week-old mice (CFW) 
by the intracerebral route and 0.09 ml by the 
intraperitoneal route. Specimens consisting 
of serum alone were diluted with equal 
amounts of serum antibiotic mixture and in- 
oculated by the intracerebral route only. The 
brains of sick mice were removed aseptically 
and used for the preparation of stocks for 
further passage. In mouse neutralization 
tests used for identifying viruses or for 
detecting humoral antibodies, constant 
amounts of serum or plasma were mixed with 
serial 10-fold dilutions of virus. After in- 
cubation at 37°C for 2 hours in a water bath, 
the serum-virus mixtures were inoculated by 
the intracerebral route. Neutralization in- 
dices were computed by standard methods 
(2). In November, 1953, an antibody survey 
was made of domestic fowl reared on the Egg 
Harbor City pheasant farm and on another 
farm located near New Gretna, N.J., ap- 
proximately 10 miles distant. For this pur- 
pose, heparinized blood was obtained from 
the jugular vein. Plasma was separated by 
slow speed centrifugation and stored at ap- 
proximately —20°C until used in neutraliza- 
tion tests against a standard laboratory strain 
of WEE virus. 

Results. In the virus isolation studies, 2 
agents were obtained that were identified as 
WEE virus. One of these, strain NJ 1044, 
was recovered from a whole blood specimen 
drawn on September 11 from an immature 
English sparrow. The second, strain NJ 1097, 
was isolated from pooled sera obtained on 
September 7 from two immature birds of the 
same species. The results of neutralization 


WEE InrectTIon InN NEW JERSEY 


491 


TABLE I. Results of Neutralization Tests Used to Identify WEE Viral Isolates Obtained 
from English Sparrows Trapped in New Jersey, 1953. 


Neutralization 
————— LD;, ————_——_, index 
WEE EEE WEE EEE 
; E. sparrow Normal immune immune immune immune 
Laboratory strain No. specimen serum serum serum serum serum 
NJ 1044. IPB Whole blood Wee 4.3 6.3 
NJ 1044 (repeat) P-2* 2 Th 6.4 3.0 Eee en ze 
NJ 1097 P-4* Pool of 2 sera 6.0 3.0 6.0 1000 a 


* Denotes No, of mouse passages. 


t Stored duplicate of whole blood specimen from which the NJ 1044 P-3 strain was origin- 


ally recovered. 


tests used to identify each isolate are given 
in Table I. In these tests, neutralization in- 
dices of 1,000 or greater were obtained when 
WEE immune serum was used against the 
unknown strains; EEE immune serum did not 
neutralize to a significant degree. The iden- 
tity of the NJ 1044 strain was further con- 
firmed by the results of vaccination-challenge 
tests. Two guinea pigs, immunized against 
a standard strain of WEE virus, remained 
normal following intracerebral challenge with 
0.2 ml of a 10° dilution of a third passage 
pool (greater than 100,000 mouse LD;9 
doses). A control guinea pig of the same age 
developed typical signs of encephalitis and 
was sacrificed im extremis on the third day. 
The agent was later recovered from its brain 
by mouse inoculation. 

Data obtained in studies of the NJ 1044 
isolate strongly suggest that it represents a 
definite recovery of WEE virus from a 
naturally infected sparrow. Of the 6 mice 
used for original isolation of this strain, one 
was sacrificed on the third day and one on 
the fifth day following inoculation. Three 
mice died, one on each day from the fourth 
to the sixth. The remaining mouse was not 
visibly affected. On serial passage using 1071 
and 10 mouse brain suspensions, the agent 
adapted readily to mice, the second passage 
causing advanced signs of disease in all mice 
on the third day following inoculation. The 
presence of virus in the original whole blood 
specimen was later confirmed by mouse inocu- 
lation of a frozen duplicate portion. This ma- 
terial was prepared for inoculation in 10-fold 
serial dilutions. Of 10 mice inoculated with 
the lowest dilution (approximately 107), 5 


deaths occurred on the third day after in- 
oculation, 3 on the fourth, and one on the 
fifth, a total mortality of 9 out of 10. Twenty 
mice were inoculated with the 10° dilution. 
Of these, one died on the third day, one on the 
fifth, 4 on the sixth, and one on the tenth, a 
total mortality of 7 out of 20. The agent re- 
covered from brains of these mice (NJ 1044 
(repeat) P-2) was also identified as WEE 
virus by neutralization tests (Table I). 

The recovery of WEE virus from sparrow 
serum (NJ 1097) was not completely con- 
firmed. Of the 6 mice originally inoculated 
with this specimen, one was observed to be 
sick on the sixth day and its brain was har- 
vested for further passage. The remaining 5 
mice were not observed to show signs of dis- 
ease at any time. The agent isolated was 
adapted to mice with considerably more dif- 
ficulty than was the NJ 1044 strain, the in- 
cubation period being longer and more irreg- 
ular in early passages. The second and third 
passages caused deaths with greatest fre- 
quency on the fourth and fifth days following 
inoculation. Four passages were required be- 
fore deaths occurred uniformly on the third 
day. The LDso titer of the fourth passage 
stock in the presence of normal serum was 
10-*-° as compared with 10°°* for the NJ 1044 
(repeat) strain in second passage and 107° 
for the NJ 1044 strain in third passage 
(Table I). On the 28th day following the 
original isolation, an unsuccessful attempt 
was made to recover the agent from a frozen 
duplicate specimen. This was not unexpected 
in view of the longer period of storage and 
because only one of six mice was visibly af- 
fected in the earlier test. 
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TABLE II. Results of WEE Virus-Neutralization Tests on Plasma Obtained from Domestic 
Birds, New Jersey, 1953. 


ES 


————_— —-— Results 
= Negative Equivocal Positivet Total 
Domestie birds tested* N.I. <20 N.L. 21-50 Nels 50 tested 
New Gretna 
Immature pigeons 4 0 0 4 
chickens ig 0 0 17 
a pheasants 16 0 3 19 
2-year-old pheasants 4 0 9 13 
7» 9 mallard ducks 2 0 0 2 
Egg Harbor City 
Immature pheasants bl 2 0 33 
Total 74 2 12 88 


*Tmmature birds hatehed in the spring of 1953. 
+ Positive indices in range between 74 and 1000. 


In WEE virus-neutralization tests on 88 
plasma specimens obtained from domestic 
birds of known ages, 12 were considered 
positive and 2 were considered equivocal 
(Table II). Of the positive tests, a neutral- 
ization index of 74 was obtained in one, all 
others were in the range 100 to 1000. All 
positive and equivocal plasma specimens were 
obtained from pheasants. 

Discussion. An accepted belief of most in- 
vestigators of the viral encephalitides is that, 
in the United States, WEE is endemic only in 
the middle and far western states. The re- 
sults of this study give indication that WEE 
virus was active among avian hosts in New 
Jersey during 1952 and 1953. Since imma- 
ture English sparrows rarely, if ever, migrate 
long distances, it is highly improbable that 
the birds from which virus was isolated in 
1953 had become infected outside of New 
Jersey. In the WEE antibody survey, the 
high proportion (9 of 13) of positive tests 
among two-year-old pheasants and the low 
proportion (3 of 19) among immature birds 
in the same flock suggest that infection had 
occurred both in 1952 and 1953. 

There is considerable evidence that the 2 
virus isolations from sparrows did not result 
from laboratory contamination. <A careful 
search of the records revealed that no strain 
of WEE virus was in use in the laboratory at 
the time of or during the month preceding the 
first positive isolation attempt. In addition, 
the laboratory strains uniformly cause deaths 
in mice between 36 and 48 hours after intra- 
cerebral inoculation as contrasted with the 


three to six days required by first mouse pas- 
sage stocks of the 2 isolated agents. Although 
the initially isolated WEE virus was under 
test at the time of the second isolation, the 
differences in behavior of the two strains in 
mice suggest that each is a separate and dis- 
tinct entity. Further support for the isola- 
tion of the NJ 1044 strain and evidence that 
it was not a laboratory contaminant was ob- 
tained by reisolation of virus from the re- 
maining portion of the original blood speci- 
men. 

Summary. 1. One definite and one prob- 
able isolation of western equine encephalo- 
myelitis (WEE) virus are reported from 
whole blood and serum, respectively, of ap- 
parently normal immature English sparrows 
trapped in New Jersey in September, 1953. 
2. Neutralizing substance against WEE virus 
was found in 12 of 88 plasma specimens ob- 
tained from domestic fowl of the same gen- 
eral area. 

Grateful acknowledgement is made to members 
of the faculty and technical staff of the Graduate 
School of Public Health, University of Pittsburgh, 
for advice and technical assistance. Special ac- 
knowledgement is made to Dr. William McD. Ham- 


mon for guidance and assistance throughout the 
study. 


1. Holden, Preston, Doctorate Thesis, Graduate 
School of Public Health, University of Pittsburgh, 
1954. 

2. Hammon, W. McD., Encephalitis Chapter in 
Diagnostic Procedures for Virus and Rickettsial Dis- 
eases, Am. Public Health Assn., 1948, pp. 187-217. 


Received February 25, 1955. P.S.E.B.M., 1955, v88. 


